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The diagnosis of the cause of low-back pain and disability has always 
been regarded as one of the most difficult problems the clinician has to 
tackle, and among the many factors which militate against success not the 
least important is the wide-spread ignorance of the anatomy of the lower 
back and the mechanics of the lower spine. Our anatomical text-books 
devote too little attention to this extremely important region, and they 
are particularly reticent about the lumbosacral and sacro-iliae articula- 
tions. The following description is an attempt to remedy this neglect in 
respect to the lumbosacral junction, and it is contributed in the hope that 
the presentation of old and new facts may help to explain many of the 
symptoms, signs, and sequelae of lumbosacral derangements. It is 
no exaggeration to say that a knowledge of the anatomy and mechanies of 
the junction is essential before the etiology and pathology of most 
lumbosacral lesions can be appreciated. 

There are three articulations between the last lumbar vertebra and 
the sacrum, an amphiarthrodial joint between the corresponding vertebral 
bodies, and two diarthrodial joints between the articular processes of the 
vertebral arches. The bodies are united by a thick, powerful, wedge- 
shaped, intervertebral fibrocartilage, and by prolongations of the anterior 
and posterior common longitudinal ligaments of the spinal column. A 
number of ligaments connect the vertebral arches and their processes, 
namely, ligamenta subflava between the laminae, and interspinous and 
supraspinous ligaments between the spinous processes, while the articular 
processes on either side are connected by articular capsules and synovial 
membranes. The interspinous and supraspinous ligaments are rather 
indefinite structures, but the ligamenta subflava are strong and elastic, 
since they contain a considerable proportion of yellow elastic tissue. In 
place of the usual intertransverse ligaments, two special lateral lumbosa- 

cral ligaments are developed; each is somewhat fan-shaped and is attached 
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above to the inferior border of the transverse process of the last lumbar 
vertebra, while below it spreads out to become attached to the ala of the 
sacrum close to the saero-iliae articulation, where it blends with the an- 
terior sacro-iliae ligament (Fig. 1). An ineonstant band of fibers extends 
between the front of the sacral ala and the inferolateral aspect of the last 
lumbar vertebral body. According to Cunningham, this band lies in 
front of the anterior ramus of the fifth lumbar nerve. Another specialized 
ligamentous development is the iliolumbar ligament, which extends from 
the last lumbar transverse process to the inner lip of the iliac crest, where 
it is attached for about two inches immediately anterior to the iliae 
auricular surface (Fig. 1). Oceasionally this ligament gains an additional 
weak attachment to the transverse process of the fourth lumbar vertebra, 
and it is really a specially thickened part of the lumbodorsal fascia. The 
lateral lumbosacral and iliolumbar ligaments are frequently described 
together as the lower and upper parts of the iliolumbar ligament. 

In addition to these ligamentous ties, adjacent muscles perform the 
function of powerful elastic ligaments. Their distribution, however, is 
remarkably unequal, large masses-—such as the erector spinae and psoas 
major—lying posteriorly and laterally, while the anterior aspect, which 
needs protection most, is uncovered and unprotected by muscles. Other 
muscles of less power and importance—such as the multifidus, quadratus 
lumborum, and rudimentary interspinous and intertransverse muscles 
also assist in binding the bones together. By virtue of their postural 
tonus all these muscles are of great importance in maintaining stability 
at the lumbosacral junction in every position of the body, and their réle of 
“ligament sparers”’ is second only in importance to their kinetic function. 
Even in the recumbent position their action is important, and there is little 
doubt that there is a predisposition to low-back strains, if the postural 
tonie activity of the muscles is diminished or interfered with in any way. 
The muscular relaxation produced by anaesthesia and the muscular 
weakness engendered by prolonged or debilitating illnesses both interfere 
with muscular tonus, and, as a consequence, any support which the mus- 
cles normally afford in maintaining lumbosacral stability is almost com- 
pletely abolished. Asa result, the entire onus of maintaining the normal 
anatomical relationships is thrown on the ligaments, which tend to 
stretch under the unaccustomed stress, and thereby lumbar or lumbosa- 
cral strain is produced. 

Certain nerve relationships are very important and have a consider- 
able bearing on the production of a number of the symptoms and signs in 
such lumbosacral derangements as strain, spondylolisthesis, ete. The 
lumbosacral cord, which is composed of a part of the anterior division of 
the fourth and the whole of the anterior division of the fifth lumbar 
nerves, pierces the medial margin of psoas major close to the anterolateral 
aspect of the lumbosacral junction and then passes downward over the 
sacro-iliac joint to enter the sacral plexus. The anterior primary division 
of the fifth lumbar nerve emerges through a canal bounded by the pedicle 
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of the last lumbar vertebra above, the sacral ala below, the last inter- 
vertebral dise antero-internally, and the psoas major, lateral lumbosacral, 
and ilio-lumbar ligaments postero-externally. In some instances the nerve 
is crossed anteriorly by a membranous band stretching between the 
front of the sacral ala and the body of the last lumbar vertebra. It is 
the largest of the anterior primary divisions of the lumbar nerves, yet the 


lumbosaeral foramen 
ANT. Lic 


through which it ' 
Thiocumear Lic. 


emerges is, in most 
cases (though not al- 
ways, as has been 
stated), smaller than 
any of the lumbar 
intervertebral fora- 
mina. The posterior 
primary divisions of 
the fifth lumbar 
nerves turn backward 
and run close to the 
outer sides of the 
articulations between 
the lumbosacral ar- 
ticular processes, and 
then sink into the 
muscles of the back. 
The very close rela- 
tionships of these 
nerve divisions to the 
various parts of the 
lumbosacral junction 
are worthy of note, 
because they may be 
affected by articular 
or periarticular 


swellings or exuda- 

tions, or by arthritic The ligaments of the lumbosacral junction as seen 

changes. Each nerve from the front. 

as it emerges through 

the intervertebral canal is surrounded by a plexus of veins, and the theory 
has been formulated that congestion in these venous plexuses may cause 
pressure on the nerves and so produce pain. This is particularly liable 
to happen in the case of the fifth lumbar nerves, owing to their large size 
and the relatively small intervertebral foramina through which they pass. 
Moreover, Boniot and Forestier state that the fourth and fifth lumbar 
nerve roots are not protected by arachnoid sheaths and that they are, 
therefore, easily influenced and irritated by variations in the rich venous 


“a : an 
/ 
ifthe 
4 
= 
+ ) 
_ 
i 


236 G. A. G. MITCHELL 


plexus contained in the bony canal; this appears to be an isolated ob- 
servation which has not been confirmed. 

The following additional relationships of the lumbosacral junction 
are of less practical importance. The middle sacral vessels, the presacral 
nerve or plexus, the parietal peritoneum, and coils of ileum lie anteriorly; 
the common iliac vessels and 
lymph glands, the sympa- 
thetic trunks, and the ure- 
ters lie anterolaterally; 
while the termination of the 
mesentery lies to the right 
and the descending colon to 
the left of the junction. The 
muscular relationships have 
been indicated already. 

The component parts 
of the junction receive ar- 
terial twigs from the supe- 
rior lateral sacral and _ ilio- 
lumbar arteries, and they 
are innervated by the fourth 
and fifth lumbar nerves. 

In the spine with its 
multitude of joints, it is manifestly impossible to determine the exact 
degree of movement possessed by any individual joint, but the movement 
in each unit can be fairly accurately estimated by a consideration of the 
movements of the whole region to which it belongs. It is, therefore, 
possible to obtain some idea of the amount of lumbosacral mobility by 
studying the movements 
of the lumbar region as 
a whole. The range of 
mobility in the lumbar 
region varies within wide 
limits, being influenced 
by the shape and dispo- 
sition of the vertebrae 
and their articular proc- 
esses, the resiliency of 
the connecting structures, 
the anatomical configura- 
tion of the individual, 
and, under certain cir- 
cumstances, by the pres- 
ence of anomalous 
developments or Fig. 3 
pathological processes. A fifth lumbar vertebra (upper surface). 


Fia, 2 
A third lumbar vertebra (upper surface). 
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Goldthwait has emphasized how spinal mobility is dependent on the 
anatomical type of the individual, and he has distinguished two clearly 
contrasted types: (1) the visceroptotie type, with poor muscular develop- 
ment, a long narrow back, and a flexible spine, often showing lumbar 
lordosis and a sharp sacrovertebral angle; and (2), the exact opposite of 
Type 1,—a heavy individual, with a short, thick-set body, limited mobility 


Fic. 4 


The superior surface of the sacrum. This diagram, along with the two 
preceding figures, shows the gradual alteration in the direction of the articular 
processes. 


of the lumbar spine (lateral bending in particular being limited), and a 
varying degree of lumbar lordosis. In the second type the vertebral 
bodies and articular processes are large, the latter having crescentic 
facets, whereas in the first type the vertebral bodies and articular proe- 
esses are smaller and the articular facets are flattened. The lumbosacral 
articular processes share in these changes, and these differences in the 
bones and soft parts explain the variations in the spinal mobility in the 
two types. The alterations in lumbosacral mobility due to abnormalities 
and disease cannot be discussed here, but some reference will be made later 
to the effeets of anomalous developments on the stability of the parts. 
The lumbar portion of the spine is comparatively movable, flexion, 
extension, and lateral bending being permitted between the opposing 
vertebral bodies, while gliding movements occur between the articular 
processes. All the above movements can take place at the lumbosacral 
junction, and, in addition, slight rotatory movements are possible. Ro- 
tation is usually impossible between the lumbar vertebrae, so it is worth 
while considering why it is possible at the lumbosacral junction. The 
lower articular processes of the last lumbar vertebra are powerful and set 
widely apart, and their articular facets are moderately convex and directed 
forward and slightly outward. The upper sacral articular processes are 
also powerful, embrace the lower lumbar articular processes, and are 
attached to the body of the first sacral vertebra and to the sacral alae by 
short, strong pedicles; their articular facets are moderately concave 
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and face backward and slightly inward (Fig. 4). This arrangement of 
the lumbosacral articular processes approximates closely the thoracic 
arrangement, and explains why rotation at the lumbosacral junction is a 
possibility. The adjacent facets on the other lumbar articular processes 
face more distinctly inward and outward, an arrangement which prac- 
tically prevents rotation (Figs. 2 and 3). Many observers have pointed 
out that the lumbosacral articular processes are frequently asymmetrical, 
and that this results in uneven rotation and in unequal stresses being 
borne by the two sides during movements. Many, too, have stated that 
the added movement of rotation is a source of weakness, as flexibility and 
strength are opposing virtues, but in the case of the lumbosacral junction 
this is only partly true. These observers have failed to realize that the 
joint would be weaker still if the articular processes were arranged like 
those of the other lumbar vertebrae so that no rotation could occur. 

Owing to the tilt of the upper surface of 

the first sacral vertebra, the last lumbar 


wl vertebra is constantly tending to slide 
‘A downward and forward when the trunk 


is erect, a contingency which is prevented 

by the lumbosacral intervertebral disc, 

ligaments, and muscles, and by the ar- 

rangement of the lumbosacral articular 

processes which, being arranged prac- 

tically in a coronal plane, impinge upon 

each other when the last lumbar vertebra 

the but. to slip downward and forward on 

tress-like (antiluxation) action of the sacrum and thus act as buttresses, 

the lumbosacral articular processes. preventing forward displacement (Fig. 

5). Certainly this arrangement allows 

rotation, but it also prevents forward dislocation, and, therefore, though 

the added mobility is a source of weakness, it is in this instance the lesser 

of two evils, for the loss of strength in one direetion is more than compen- 
sated for by a gain in another. 

From the mechanical view-point there are no more important or in- 
teresting articulations in the body than the lumbosacral. They have to 
bear the whole superincumbent body weight, plus any weight lifted by the 
arms or supported on the head and shoulders, and, as these additional 
weights are at the opposite ends of the spinal lever, the stresses they pro- 
duce are greatly magnified. As a consequence, the lumbosacral junction 
has to withstand flexion, extension, and torsion strains under immense 
leverage, but, despite the magnitude of the forces it has to bear, it seems 
ill adapted in many ways for the support of heavy strains. The lumbar 
intervertebral joints are much sounder mechanical propositions, and some 
maintain that there are evidences that nature is attempting to improve 
matters by incorporating the last lumbar vertebra in the sacrum, thus 
obliterating the potentially weak lumbosacral junction and substituting a 
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more stable lumbar intervertebral joint. All observers are not agreed 
about this, and many maintain that variations at the lumbosacral june- 
tion are tending toward elongation rather than shortening of the lumbar 
part of the spinal column. Moreover, even when sacralization of the fifth 
lumbar vertebra has occurred, the resulting sacrovertebral junction resem- 
bles a normal lumbosacral junction rather than a normal lumbar inter- 
vertebral joint. Be that as it may, the frequency of lumbosacral variations 
is a good index of the instability of the region and its tendency to evolu- 
tionary change. 

No one doubts that man’s ancestors were quadrupeds at some stage of 
their existence, but a great deal of controversy has arisen regarding the 
exact stages by which a quadruped with its pronograde gait has scaled the 
heights and developed into a biped with orthograde gait. For the pur- 
poses of this discussion it matters not whether we agree with Keith that 
the evolution of man’s erect posture has developed through hylobatian- 
troglodytian phases, or believe with Wood Jones that it is entirely inde- 
pendent of the habit of brachiating for its inception. The vital fact 
remains that the prevailing direction of the spinal axis in our primitive 
ancestors was horizontal, while in homo sapiens the spinal axis is almost 
vertical, and it is obvious that marked skeletal changes must have oe- 
curred in order to make the change possible. These changes have affected 
practically every part, but are specially evident about the sacrovertebral 
junction, where changes have occurred, and are still occurring, to enable 
the erect posture to be maintained comfortably. It is highly important to 
realize, however, that these are makeshift arrangements, and undoubtedly 
therein lies the explanation of a good deal of the backache which human 
flesh is heir to. The enterprise of our forefathers is being visited on the 
children far beyond the third and fourth generations! Modifications of a 
structure primarily designed for the quadruped posture cannot be abso- 
lutely satisfactory for an erect posture which distributes the body weight 
very unequally along the axial skeleton and between the different limb 
girdles. 

We have the evidence of fossil remains to testify that the lumbosacral 
junction of our prehistoric ancestors was mechanically more perfect than 
our own. One might quote here the evidence supplied by Marcellin 
Boule from a study of the very complete skeletal remains of Neanderthal 
men found at La Chapelle-aux-Saints and La Ferrassie. Many fanciful 
reconstructions of prehistoric men have been made, but most are built up 
on such a flimsy basis that they are not worthy of serious attention. To 
reconstruct a complete man from a fragment of a skull or a lower jaw is 
doubtless highly ingenious, and manifestly highly satisfactory to his 
recreator, but scarcely likely to be scientifically accurate. The skeletons 
from La Chapelle-aux-Saints and La Ferrassie were sufficiently complete 
to reduce speculative reconstruction to a minimum, and from his recon- 
structions Boule proved beyond reasonable doubt that the slight curve of 
the cervical and lumbar regions must have given Neanderthal man a 
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crouching posture (a position which is habitual in fossil men and savage 
peoples), and an ordinary carriage which must have differed in some de- 
gree from ourown. The crouching posture is an ancestral survival, and it 
requires little imagination to picture it as a step on the road from the 
quadruped to the upright position. In prehistoric men the trunk was 
longer and less heavily built, the sacrum and pelvis were narrower, and the 
sacrum was set very deeply between the iliac bones. Owing to the erouch- 
ing posture and the comparative straightness of the lumbar curve, the 
sacrum was placed more on a plane with the rest of the spinal column so 
that there was comparatively little sacrovertebral angulation. This is a 
more stable arrangement than that found in modern European skeletons 
in which this state of affairs is only found in the very young. Ina two- 
months’ foetus the spine and sacrum form a straight line and the sacrum 
shows no curvature. Later the sacral curvature appears and gradually 
becomes more marked, while an angle begins to develop at the lumbo- 
sacral junction. At birth there is only slight lumbosacral angulation, and 
the lumbar spine is almost straight; it is only when the child is learning to 
stand and walk that the forward convexity of the lumbar region develops. 
Could one wish for better proofs of Boule’s assertion that ‘fossil man ex- 
hibits a morphology, the most striking and surprising traits of which are 
found in either the newly born or unborn infants of Europeans’’? 

Coming to more modern times, we find equally conclusive evidence 
that man’s erect attitude is an evolutionary process, not yet perfect in any, 
but more perfect in some races than in others. About sixty years ago, 
while a member of the “Challenger” expedition, Prof. Turner examined 
the skeletons of the lowest and most primitive forms of the human race,— 
such as those of aborigines, Andaman Islanders, and other primitive peo- y 
ples. Among other findings he made the interesting discovery that the 
lumbar region in these primitive races is almost straight or slightly convex 
if backward; this corresponds closely with the prehistoric-man type of spinal 
an column, and is one indication of the very primitive nature of these races. 
Prof. Low has found that in certain ‘short-cist’’ skeletons belonging to 
the Bronze Age (‘‘ Beaker”’ men), the posterior vertebral measurements in 
the lumbar region slightly exceed the anterior, and it appears from recon- 
structions that there was only comparatively slight lumbosacral angula- 
tion. It is therefore evident that the lower spines of Neanderthal men, 
. Beaker men, and the most primitive races of the present day have much in 
common. They differ from modern European skeletons in that the de- 
gree of lumbosacral angulation is considerably less, and the lumbar portion 
of the spinal column almost straight or even convex backward. The 
minor degree of lumbosacral angulation is an undoubted advantage from a , 
mechanical point of view, and it is unlikely that our primitive ances- 
tors suffered from any such conditioz. as lumbosacral strain. 

The bodies of the last lumbar and first sacral vertebrae and the lum- 
bosacral intervertebral dise are all wedge-shaped, with the base forward. 
That is why there is a sacrovertebral angle, though when looked at from 
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the side it is often more of a curve than a definite angle. From personal 
observations and from measurements made by Aeby and Ravenel, it is 
clear that neither the lumbar vertebral bodies nor the intervening dises are 
wedge-shaped at birth, and that in all regions of the spine, except the 
sacral, the anterior and posterior vertical diameters are almost equal, so 
that the spine is practically straight. By the end of the second year defi- 
nite wedging can be detected in the lumbar region and this gradually 
increases till aduli age is attained. The process is most marked in the 
ease of the last lum- 
bar vertebra, and in 
fifty-eight such verte- 
brae from adults, ex- 
amined by the writer, 
the average difference 
between the anterior 
and posterior vertical 
measurements 
amounted to five and 
two-tenths millimeters. 

The develop- 
ment of the sacro- 
vertebral angle and 
the lumbar forward 
convexity are designed 
to allow the trunk to 
be held erect, despite 
the position of the 
sacrum. During the 
change prono- 
grade to orthograde 
the sacrum under- 
went a relatively 
small degree of axial 
displacement, com- 
pared with the rest of 
the spinal column, 
and thus it is not 
placed vertically be- 
tween the iliac bones but is set at a distinet tilt. 
sacrovertebral angle is variable, and is largely dependent on the degree of 
inclination to the horizontal of the upper surface of the first sacral verte- 
bral body, which is dependent on the degree of sacral obliquity; this in 
turn is partly dependent on the pelvic inclination which is, on an average, 
a little greater in males than in females. The greater the inclination of 
the upper surface of the first sacral vertebral body, the smaller does the 
This interrelationship, let it 
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sacrovertebral angle become, and vice versa. 
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be repeated, is mainly designed to maintain the erect position of the trunk, 
despite variations in the sacral obliquity; but the erect posture is some- 
times maintained at the expense of stability, for any increase in the sacro- 
vertebral angulation, necessary to overcome the effects of marked sacral 
tilting, accentuates the weakness already present, due to the markedly 
sloping platform on which the last lumbar vertebra has to rest. Up toa 
certain point the sacrovertebral angle gradually becomes more pronounced 
as the individual grows older, due to the constant pressure of the weight of 
the trunk. Occasionally the sacrum comes to be placed almost hori- 
zontally in the body, and then the angle is usually very pronounced, even 
approaching a right angle, while a compensatory lumbar lordosis develops. 
This condition was recognized and recorded by Whitman as “‘ prespondy- 
lolisthesis’’ (Fig. 6). Normally at the lumbosacral junction the bulk of 
the superincumbent weight is transmitted through the vertebral bodies 
and dises, and only a small proportion is transmitted through the articular 
processes, but any increase in the sacrovertebral angulation leads to more 
unequal distribution of the weight and the transmission of a greater pro- 
portion through the articular processes, with the result that the junction 
becomes less efficient mechanically. 

A number of figures may be quoted relevant to these statements. 
The upper surface of the first sacral vertebral body is directed forward and 
upward, forming a varying angle with the horizontal, and providing a 
sloping platform for the last lumbar vertebra; the slope is decreased to 
some extent by the wedge form of the intervening disc. In twenty-eight 
European specimens the writer found that the average angle of inclination 
to the horizontal of the upper surface of the first sacral vertebral body was 
41 degrees, and the average inclination of the upper surface of the last 
lumbar vertebra in the same specimens was 19 degrees. These figures 
give a good idea of the relatively flat and secure basis on which the fourth 
lumbar vertebra rests, as compared with the fifth. All the well known 
anatomical text-books give the average inclination of the upper surface of 
the first sacral vertebra as 42.5 degrees, and any figures within 5 or 6 
degrees above or below this are within the limits of normality, fixation of 
which must be arbitrary. In two specimens not included in the twenty- 
eight used for the average, the inclination of the upper surface of the first 
sacral vertebra was abnormally large or small,—namely, 68 degrees in one 
(Fig. 7) and 32 degrees in the other. Von Lackum, in a series of speci- 
mens he examined, found that the extremes were 80 degrees and 28 degrees. 

There is no disagreement about the above figures, but in regard to the 
so called sacrovertebral angle reliable information is unobtainable. Judg- 
ing from the figures supplied, no two workers are agreed as to what the 
angle really is, or how it should be measured. Gray’s, Quain’s, Bu- 
chanan’s, Cunningham’s, Morris’s, and Piersol’s anatomical text-books 
supply general statements about it, but all fail to define it exactly, and 
none supply information as to how it should be measured. Neither Mar- 
tin nor Duckworth give measurements of this very important angle, 
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though they are prodigal in their supply of figures of less importance. 
Morris and Buchanan alone, among the writers mentioned, give actual 
figures. Both state that the angle measures 117 degrees in the male and 
130 degrees in the female. Frazer gives 120 degrees as the average size, 
but does not indicate by what method this figure was obtained. Von 
Lackum gives the average size as 109.7 degrees (117 degrees in the male 
and 102.4 degrees in the female), while Robinson and Grimm say the 


Fic. 7 
Prespondylolisthesis. Note the almost horizontal sacrum and the exaggerated 
tilt of the superior surface of the first sacral vertebra. 
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For explanation of this diagram see text. 


greater number measure from 148 to 155 degrees. No margin of experi- 
mental error will explain the discrepancies which exist between such fig- 
ures as 109, 120, and 155 degrees, nor will racial differences explain such 
marked variation. The only feasible explanation is that the methods of 
measuring must have been different; this is proved by a study of the 
methods described by von Lackum and by Robinson and Grimm, which 
are as radically different in their execution as in their results. Von 
Lackum determined the sacrovertebral angle ‘‘ by using a vertical upright 
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which approximated the line of spinal weight-bearing along the upper por- 
tion of the spinal column, and a line drawn through the approximate cen- 
ter of the first two sacral bodies for the lower side of the angle’. The 
method employed by Robinson and Grimm is entirely different. By 
their method the angle between the last lumbar and first sacral verte- 
brae is measured, and the figures obtained are not comparable with those 
supplied by von Lackum. The lower part of the vertebral column is sec- 
tioned vertically in the median sagittal plane, the cut surfaces of the last 
lumbar and first sacral vertebral bodies are bisected from above down- 

yard, and the angle formed between these two lines when projected is the 
measurement taken. Using this method, they found that the most fre- 
quent angular relationship between the fifth lumbar and first sacral verte- 
brae approximated 155 degrees, while the extreme ranges were 128 degrees 
and 160 degrees. Using the same method, the author found that the 
average angulation was equal to 138.5 degrees (137 degrees in females and 
140 degrees in males). This method has the great merit of being exact, 
and is capable of uniform application, but the measurement of the angle 
between the fifth lumbar and first sacral vertebrae cannot possibly cor- 
respond to the sacrovertebral angle of older writers. To distinguish them, 
the angle obtained by the method of Robinson and Grimm would be more 
correctly termed the lumbosacral angle. 

The statement was made that the lumbosacral angle and the degree 
of obliquity of the upper surface of the first sacral vertebra were inter- 
related, and actual figures may be given to show how a change in the one is 
reflected by a change in the other. Here are two typical examples: 


II. 


Lumbosacral angle 135 degrees 141 degrees 
Tilt of upper surface of first sacral vertebra 45 degrees 35 degrees 


The relationship is not so easily explained as might appear at first 
sight, but a study of the accompanying diagram (Fig. 8) may be of some 
help in this respect. LO and SO are lines bisecting the last lumbar and 
first sacral vertebrae, the line AOB is parallel to the plane of the upper sur- 
face of the first sacral vertebra, and VY is a horizontal line. The angle 
LOS is the lumbosacral angle, and the angle }OB measures the inclination 
to the horizontal of the upper surface of the first sacral vertebra. The 
problem is to find how angles LOS and YOB are related. AB and CE are 
two parallel lines intersected by a third line OS; therefore, the angle BOS 
equals the angle CDS, and the latter angle is apparently remarkably cop- 
stant in all adult sacra. On an average it measures 72 degrees, and seldom 
varies more than 5 degrees above or below this measurement. How- 
ever, as the above average is based on measurements of specimens from 
only twenty-eight adult British subjects, no dogmatic statement can be 
made on this point. The lumbosacral angle LOS is the sum of angles 
LOB and BOS, but angle BOS, being equal to angle CDS, is for all prac- 
tical purposes a constant, so any variations in the size of the lumbosacral! 
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Fig. 9 


For explanation see text. 


angle must be due to variations in angle LOB. The diagram makes it 
clear that, if the trunk is to be held erect, angle LOY, which is the sum of 
angles LOB and YOB, must approximate a right angle. This is indeed 
true. 
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For confirmation let us analyze these figures for two typical spec- 
imens. In the first: 
< LOS = 135° and < YOB=45°. 
<LOS= <LOB+ <BOS (This angle is practically a constant.) 
135°= <LOB+72° 
<LOB=63° 
<LOY = <LOB+ <YOB 
“. <LOY =63°+45° 
<LOY = 108° 
By similar calculations one finds that in the seeond specimen < LOY = 105°. 
From these figures it becomes evident that in the two specimens 
mentioned the lum- 
bosacral angle fails 
by 15 to 18 degrees 
(In an average of 
twenty-eight speci- 
mens the figure was 
16 degrees) to pro- 
vide complete com- 
pensation for the 
sacral obliquity. The 
remainder of the com- 
pensation necessary is 
provided for by the 
lumbar convexity, 
which is produced by 
the slight wedge form 
of the other lumbar 
vertebrae and lumbar 
intervertebral dises. 
Sometimes the correc- 
tion produced by the 
lumbosacral angula- 
tion and the lumbar 
convexity exceeds the 
amount necessary, as 
is proved by the fact |] 
that in certain spinal Fic. 10 
columns a perpendic- 
ular dropped from the 
center of the first lumbar vertebral body falls behind the center of the 
first sacral vertebra. Measurements show that the more marked the sa- 
eral tilting the more important does the lumbar convexity become in aiding 
the lumbosacral angle to provide compensation. Whereas under ordi- 


nary circumstances the lumbosacral angle fails by only 15 to 18 degrees 


to provide complete compensation, it may fall short by 25 degrees or 


/ 
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Fie. 11 


A specimen showing that Ullmann’s line does not always pass anterior to the 
fifth lumbar vertebra in a normal spine. 


more if the sacral obliquity becomes very marked, and under these cir- 
cumstances a definite lumbar lordosis is usually present (Fig. 6). Except 
in extreme cases it is not always easy to decide whether a person’s lumbar 
curvature is normal or excessive; a degree of convexity normal for one race 
might be regarded as a distinct lordosis in another, and each observer 
has different ideas as to what are the limits of normal curvature. 


| 
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It may be imagined that too much attention has been paid to these 
figures, but that is a mistake, for they are of immense practical importance 
in a consideration of the stability of the lower spine. Especially impor- 
tant is the figure indicating the degree of tilting of the upper surface of the 
first sacral vertebra, because the more marked the inclination, the greater 
is the tendency for the last lumbar vertebra to slip downward and for- 
ward, and the greater is the strain on the ligaments, muscles, interverte- 
bral dise, and articular processes. On the other hand, all things else being 
equal, stability at the lumbosacral junction is favored by a relatively 
small degree of sacral obliquity and a large lumbosacral angle. 

A line drawn along the anterior surface of the first sacral vertebra 
normally passes well in front of the body of the fifth lumbar vertebra (lig. 
9), whereas it cuts through the body of the dislocated vertebra in all but 
the earliest stages of spondylolisthesis. In order that these important 
early stages should not be missed, Ullmann modified this test by drawing 
the line perpendicularly upward from the anterior edge of the superior 
surface of the first 
sacral vertebra (Fig. 
10). Ullmann be- 
lieves that his line 
never cuts through 
the fifth lumbar ver- 
tebra in a normal 
lumbosacral june- 
tion, but one cannot 
subscribe to this be- 
lief. In twenty- 
eight spinesof normal 
which were 
sectioned vertically 
in the median sagit- 
tal plane, it was 
found that in one 
instance Ullmann’s 
line cut through the 
antero-inferior part 
of the fifth lumbar 
vertebra (Fig. 11), 
while in three others 
the line missed the 
vertebra by the nar- 
rowest of margins. 
It is, therefore, clear 
that Ulmann’s test 
is too delicate, in —_ “Big. 12 
that its rigid appli- Incomplete lumbarization of the first sacral vertebra. 
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Fie. 13 


Interarticular neural-arch defects of the fifth Jumbar vertebra. The specimen 
also shows spina bifida. 


cation may occasionally lead to a false diagnosis of early spondylolisthesis. 

Many points have already been mentioned which explain why the 
lumbosacral junction is relatively unstable, as compared with the other 
intervertebral joints, but one has not yet exhausted all the possible causes 
of weakness. It is the junction of mobile and rigid parts of the spine, and 


such parts are potentially weak. Any relaxation or destruction of the 
connecting ligaments and muscles, due 


to injury, pregnancy, disuse, or disease, 
interferes with stability still further, 
while certain congenital abnormalities 
of the last lumbar or first sacral verte- 
brae have a weakening effect on the 
stability of the articulation between 
them. For example, asymmetrical ar- 
ticular processes, sacralization, and 
lumbarization (lig. 12) have all been 
blamed, and not without cause, for up- 

A diagram illustrating how the anti- setting the mechanics of the part and 
luxation action of the lumbosacral predisposing to lumbosacral _ lesions. 
articular processes is nullified when Another abnormality which is quite 


interarticular neural-arch defects are 
present. common, but often difficult or impossible 


Fia. 14 


te 
4 
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to identify in the liv- 
ing, is more important 
than any of the above 
in predisposing to 
lumbosacral derange- 
ments,—namely, uni- 
lateral or bilateral 
interarticular neural- 
arch defects (Fig. 13). 
The presence of such 
defects immediately 
nullifies the buttress- 
like or antiluxation 
action of the lumbo- 
sacral articular proc- 
esses (Fig. 14), and 
thus favors the oc- 
currence of either 
lumbosacral strain or 
olisthesis. More- 
over, as Capener has 
pointed out, the in- 
ferior articular proe- 
esses of the fourth 
lumbar vertebra and 
the superior sacral 
articular processes 
act as wedges, tend- 
ing to disrupt the de- 
fective fifth lumbar . 
vertebra, driving the Fic. 15 

anterior half of the A preparation showing how the inferior articular proc- 
vertebra (body, pedi- — esses of the fourth lumbar vertebra and the superior sacral 


articular processes act as wedges, tending to disrupt the 
neural arch of a defective fifth lumbar vertebra. 


cles, transverse and 
superior articular 
processes) forward, and the posterior half (spinous process, laminae, and 
inferior articular processes) backward (Fig. 15). In this way spondylo- 
listhesis is produced. In rare instances the inferior articular processes, 
laminae, and spinous process of the last lumbar vertebra are completely 
absent (Fig. 16), and this is the most weakening form of all the congenital 
defects. Von Lackum suggests that thinness of the posterior part of the 
lumbosacral intervertebral disc, due to the assumption of the erect pos- 
ture, has diminished its effect as a shock absorber and has predisposed to 
injury. Others have suggested that the complete absence or abnormal 
smallness of the first sacral spinous process, or spina bifida occulta of the 
last lumbar or first sacral vertebrae, interferes with the attachments of the 


| 
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16 


A fifth lumbar vertebra showing congenital absence of the inferior articular proc- 
esses, laminae, and spinous process. In some cases this appearance is produced by 
loss of the posterior half of a split neural arch during the process of maceration. 


supraspinous and interspinous ligaments and so increase instability, but 
these ligaments are not of much importance in producing stability, for a 
dissection shows that they are very rudimentary in most cases and far 
from powerful in any case. 

From the catalog of imperfections above given, it might appear that 
the lumbosacral junction must be very weak indeed, but in reality it is 
very powerful,—so powerful that, despite its mechanical imperfections 
and potential weaknesses, it is perfectly capable of supporting without 
strain most loads that it is called upon to bear. Nature is prodigal in her 
safeguards, a fact well illustrated by a consideration of the lumbosacral 
junction. It is built so skillfully and with such a margin of safety that, 
even when it is greatly modified and distorted from the original, it still 
remains powerful, though its safety factor is naturally decreased. Certain 
movements and loads, however, do prove too much for it, and not uncom- 
monly may prove too much for one or both sacro-iliae joints also, so that 
lumbosacral and sacro-iliac strains are sometimes associated. A discus- 
sion of these possibilities must be left for another occasion. 


SUMMARY 


1. The lumbosacral junction is an extremely important region, and a 
study of its anatomy and mechanics explains many of the symptoms and 
sequelae of lumbosacral derangements. 

2. Mobility at the lumbosacral junction is influenced by the shape 
and disposition of the constituent vertebrae and their articular processes, 
the resiliency of the connecting structures, the anatomical type of the in- 
dividual, and, under certain circumstances, by the presence of anomalous 
developments or pathological processes. 
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3. The strength and stability of the junction are mainly dependent 
on the integrity of the lumbosacral intervertebral dise, the longitudinal 
spinal ligaments, the ligamenta subflava, and the articular processes; 
these processes, being arranged almost in the coronal plane, impinge upon 
sach other when the last lumbar vertebra tends to slide downward and 
forward and thus prevent anterior dislocation. 

4. Muscular support is singularly lacking on the anterior aspect, but 
the psoas major laterally and the erector spinae and multifidus posteriorly, 
along with other smaller and less important muscles, have an important 
function in the maintenance of the stability of the junetion and act as 
“ligament sparers’”’. 

5. Much of the potential weakness of the lumbosacral junction in 
man is due to the skeletal modifications necessary in changing from the 
ancestral quadrupedal to the modern bipedal condition. 

6. There is considerable disagreement concerning the size of the 
“sacrovertebral angle’. To obviate confusion, it is suggested that the 
“lumbosacral angle’’ should be used as a standard of comparison. 

7. Aninterrelationship exists between the degree of sacral obliquity, 
the lumbosacral angle, and the amount of lumbar convexity. A method 
is described by which these interrelationships may be calculated. 

8. Ullmann’s test for lumbosacral olisthesis is too delicate and may 
lead occasionally to an erroneous diagnosis of early spondylolisthesis. 

9. <A brief résumé is provided of the chief causes of weakness at the 
lumbosacral junction. 


The writer is greatly indebted to Prof. Low for kind permission to utilize the full 
resources of his Anatomical Department, and for advice on a number of doubtful points. 
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ARTHROSCOPY OF THE KNEE JOINT * 


BY M. 8S. BURMAN, M.D., HARRY FINKELSTEIN, M.D., AND LEO MAYER, M.D., 
NEW YORK, N. Y. 


In 1931 this Journal published two preliminary reports on the subject 
of arthroscopy. In these the possibility of direct visualization of a joint, 
particularly of the knee, was established by cadaver experiment and by 
the observation of four cases. It is the purpose of this paper to present 
our subsequent clinical experiences. We wish to show: first, that the 
fear of infection or of damage to the joint, which has been expressed both 
in print and in personal communications, is without foundation; that, on 
the contrary, arthroscopy involves only a minimal risk, and in some cases 
has actually had a beneficial therapeutic result, probably due to the 
thorough flushing and distention of the joint which it necessitated. 
Second, that arthroscopy is an important diagnostic aid, particularly in 
the case of patients who are unwilling to submit to an arthrotomy unless 
the surgeon can present overwhelming proof of the necessity of operation. 
Third, that in the group of cases where the operative choice lies between 
synovectomy and fusion, arthroscopy enables the surgeon to make his 
choice in advance,—a matter of no littke moment to most intelligent 
patients. Fourth, that in medicolegal cases, particularly those in the 
compensation group, where operations have been refused, arthroscopy 
offers a valuable means of arriving at definite facts—instead of opinions 
which in some instances have relieved the patient of the slur of malinger- 
ing; in others, such facts have saved the insurance carriers a heavy loss by 
demonstrating a normal joint. 

TECHNIQUE OF ARTHROSCOPY OF THE KNEE JOINT 

For a complete description of the arthroscope the reader is referred to 

the original articles. Suffice it to state that the instrument consists of a 
trocar through which a telescope is inserted into the joint (Fig. 1). At 
the external end the telescope terminates in an eye-piece; at the internal 
end, in an electric light bulb, back of which is the lens. The trocar 
is equipped with two stop-cocks for distention and irrigation of the 
joint. 
The instrument is sterilized in the same way as a cystoscope, by 
immersion in .05 per cent. oxycyanide of mercury for fifteen minutes. It 
is then washed in saline and placed in alcohol ready for use at the oper- 
ating table. 

The operator prepares for the arthroscopy as for a major operative 
procedure, by a thorough wash-up, donning of mask and of sterile gown 
and gloves. Sterile eye-glasses have been quite unnecessary. 

* From the Hospital for Joint Diseases, Services of Dr. Harry Finkelstein and Dr. 
Leo Mayer. 
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Instruments used in arthroscopy. Beginning at the right they are as follows: 
1. The telescope with eye-piece and electrical contact. 
2. The blunt-nosed trocar with two stop-cocks for irrigation. 
3.and 4. The pointed trocar and corresponding telescope. 
5. The operating instrument by means of which specimens may be removed. 


The knee is draped as for an arthrotomy. It is placed on a pillow, 
flexed to about 160 degrees. 
The steps of the arthroscopy are as follows: 


1. Anaesthesia: 


(a). Local. A few drops of one per cent. novocain are injected to 
form a wheal at a point about one-quarter of an inch external to the 
junction of the middle and lower thirds of the patella. The soft parts are 
infiltrated and twenty to thirty cubic centimeters are injected directly 
into the joint. If the novocain enters the joint, the entire arthroscopy is 
rendered painless. 

or (b). Spinal. The latter has been used in the minority of our 
patients. It isindicated in cases where an operation is probably necessary 
immediately after arthroscopy and where the patient’s consent to such a 
procedure cannot be secured until after arthroscopy has been done. 

or (c). General. This is rarely advisable except in extremely nerv- 
ous individuals and in children under twelve. 
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2. The Skin Incision: 


An incision, one-sixteenth of an inch long, is made at the site of the 
wheal. When a sharp trocar is used, no incision is necessary; but we 
have found that trauma to the joint is best avoided by using the blunt 
trocar rather than the sharp. 


3. Opening the Capsule: 


This is best done with a narrow, long-bladed knife which passes into 
the joint between the patella and the external femoral condyle. 


4. Insertion of the Trocar: 
This follows exactly the track of the knife. This step of the arthro- 
scopy frequently occasions difficulty until one has become experienced. 


5. Collection of Synovial Fluid: 


If excess fluid is present, this flows out through the trocar and is 
collected in a suitable vessel for microscopic, chemical, and bacteriological 
examination. 


6. Irrigation of the Joint: 


One stop-cock is connected by a rubber tube with a container holding 
Ringer’s solution. We have found this preferable to saline, as it is more 
readily absorbed and causes minimal irritation to the synovial membrane. 
The other stop-cock is closed and the opening of the trocar is corked with 
the operator’s sterile gloved finger. Fluid is allowed to flow in until the 
quadriceps pouch is moderately distended. In the living patient, the 
joint never balloons up as in the cadaver. Some distention, however, 
should always be sought for, except in cases of advanced arthritis or 
tuberculosis where the intra-articular adhesions are so extensive as to 
prevent proper filling of the joint space. The behavior of the joint 
during the attempt to distend at once gives valuable information regard- 
ing any pathology within it. The joint is irrigated by removing the 
finger from the opening of the trocar, allowing the Ringer's solution to 
escape, then replacing the finger and emptying again for several minutes, 
until the return flow is quite clear. In rare cases a peculiarly viscid 
synovial fluid is encountered, which is washed out only with much per- 
sistence. If this synovial fluid is left within the joint, it clouds the lens 
and prevents clear visualization. 


7. Introduction of the Telescope: 

First, the light is regulated by a rheostat which lowers the strength 
of the house current. Second, the clarity of the lens is tested by looking 
through the telescope at any object, either near or distant. If there is 
any cloudiness, the lens is cleansed with a sharpened wooden applicator. 
To maintain distention of the joint while the telescope is inserted, the 
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operator must allow a minimal time to elapse between the removal of his 
finger from the trocar and the insertion of the telescope. Some fluid is 
bound to escape, but this is replaced rapidly by opening the inflow stop- 
cock after the telescope is in place. 


8. Test of the Accuracy of the Insertion: 


One glance through the eye-piece suffices as a rule to decide whether 
the telescope has been properly placed in the joint. If it is well within the 
joint, a clear picture is visible; if it is not, one sees only a reddish reflection 
due to contact of the light with periarticular tissues or with intra-articular 
fat. If a clear picture is not obtained, the trocar must be shifted until 
the operator is satisfied that he has reached the right spot. Of course in 
vases of advanced destruction of the joint, where, as explained above, 
distention of the joint is impossible, no clear vision can be expected. 


9. Precautions for Insuring Asepsis: 

As soon as the operator is sure the telescope is within the joint, a 
sterile towel is placed about the trocar and fastened in place by a single 
stitch which catches a bulb on the trocar located just in front of the eye- 
piece. After this has been done, the operator may with impunity grasp 
the eye-piece which until now he has carefully avoided touching, because 
it has been infected by contact with his face. He must, however, from 
this moment on remember that his gloves are no longer sterile and, if the 
telescope has to be cleansed, this must be done either by the nurse or by 
an assistant who has not handled the eye-piece. 


10. Inspection of the Joint: 


During this time there should be a constant, gentle inflow of water 
through the stop-cock. Inspection should be done systematically in the 
following order: 

(a). Undersurface of patella. 

(b). Undersurface of patellar ligament. 

In both (a) and (b) the orifice of the telescope is pointed toward twelve 
o'clock, that is, directly toward the ceiling. 

(c). The telescope is then turned 180 degrees, pointing toward six 
o’clock, to view the anterior surface of the femur. 

(d). It is then shoved upward and inward to explore the quadriceps 
pouch, During this inspection the telescope is rotated through numerous 
planes, so as to get as complete a view as possible. 

(e). It is then withdrawn to the original position and then, with the 
orifice pointing toward nine o'clock, it is allowed to slide over the anterior 
surface of the inner femoral condyle. 

(f). If possible, by withdrawing gently, a view may be had of the 
outer femoral condyle. Frequently, however, this condyle cannot be seen 
except through a puncture over the mesial aspect of the joint. 

(g). Until now the patient’s knee has remained in the original 
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position,—namely, 160 degrees. To view the menisc7, the knee must be 
gently flexed to about 120 degrees. As this is being done by an assistant, 
the operator shoves the arthroscope downward and inward in the direction 
of the middle third of the mesial meniscus. The aperture is pointed 
toward twelve o’clock. As a rule, there is no difficulty in viewing the 
anterior half of the meniscus. In arthritic joints or when the fat pads 
are hypertrophied, the meniscus may be obscured by adhesions or fat, 
which impinge against the lens. 

(h). With the lens turned toward six o'clock, the upper surface of 
the mesial tibial condyle can be viewed. 

(i). Next, an attempt is made to view the anterior crucial ligament. 
Although this is usually easily demonstrable in the cadaver, we have found 
it often difficult to see in the living, owing to the fat which envelops it. 

(j). The synovial membrane and the fat pads are examined by rotating 
the arthroscope through numerous planes. Frequently the ligamentum 
mucosum is clearly demonstrated. 

(k). If the operator considers it advisable to examine the erfernal 
meniscus and the external half of the joint, the arthroscope should be 
withdrawn and reinserted through a mesial puncture. Before doing 


this, the operator should change gloves. 


11. Removal of Specimen for Pathological Examination: 


For this purpose, the conchitome described in the original article has 
been superseded by a new cutting instrument (Fig. 1). This is introduced 
through the same path as the arthroscope. Its jaws are kept closed until 
it is within the joint. Then they are opened, the telescope pushed for- 
ward, and the joint inspected. The visual field is about one-half that of 
the observation arthroscope. The specimen is removed under vision by 
clamping the jaws. This step of the arthroscopy requires further devel- 
opment, since we were frequently unable to get satisfactory views of the 


joint and had to remove the specimen blindly. 


12. Flushing of the Joint and Closure of the Wound: 

The original trocar is reintroduced to flush out the joint. The joint 
is then emptied of fluid as completely as possible by gentle pressure, the 
instrument withdrawn, and the nick in the skin sutured with a single 
stitch. A compression bandage is applied. Plaster-of-Paris is quite 
unnecessary. 

DIFFICULTIES IN THE TECHNIQUE OF ARTHROSCOPY 

Some of these are overcome with practice; others are inherent because 

of anatomical and physiological peculiarities of the knee. Of the first 


group, the site of puncture is most likely to confuse the beginner. If 
placed too high, the arthroscope cannot slide over the condyle to permit 
a view of the menisci; if placed too low, the arthroscope encounters the 
infrapatellar fat pad and it becomes almost impossible to enter the joint 
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space. As a rule, one-quarter of an inch lateral to the juncture of the 
middle and lower thirds of the patella marks the site of election. 

Another difficulty, easily overcome by practice, relates to the proper 
distention of the joint. The operator should learn to place the anaes- 
thetizing novocain within the joint proper. When successful in doing 
this, the patella is lifted away from the femur, making it easy to insert the 
trocar into the joint space. The container for the Ringer’s solution must 
be elevated two to three feet above the patient’s knee. Occasionally dur- 
ing an arthroscopy, when fat prolapses against the lens, elevating the 
container an additional foot or two will float the fat out of the way. 

A third difficulty is the proper care and manipulation of the instru- 
ment. The illumination must be accurately adjusted; too brilliant a light 
will burn out the bulb very quickly. The lens must be kept immaculate. 
To cleanse the lens, a wooden applicator sharpened to a fine point has 
been found most efficient. Alcohol, as a rule, is the best cleansing fluid. 
Accurate manipulation of the instrument, so as to make it enter the de- 
sired recess of the joint, can be acquired only with practice. 

Of the second group of difficulties, those inherent in the nature of 
the procedure, the most unpleasant is due to the presence of fat. In 
cadaver practice we were seldom baffled by fat; but in a number of our 
patients it was impossible to get a clear view of the menisci, solely because 
of fat pads which obtruded themselves against the lens. Usually the fat 
could be dislodged by increasing the pressure of the irrigating fluid or by 
gentle manipulation of the arthroscope. Occasionally, however, neither 
of these procedures was successful. A second difficulty is the presence of 
an oily synovial fluid which, if left within the joint, clouds the lens, making 
clear vision impossible. Experience has shown that it is wiser not to at- 
tempt arthroscopy in the presence of an extensive effusion. The joint 
should be aspirated repeatedly to withdraw the fluid and, at time of 
arthroscopy, very thorough irrigation is necessary to remove all traces of 
the oily synovial fluid. 


CLINICAL STUDY 


The results of thirty arthroscopies are presented. This compara- 
tively small number is due to the fact that the authors have refrained 
from using the method except when uncertainty of diagnosis or of therapy 
justified it. In discussing the cases we shall not burden the reader with 
a series of statistics, but shall try by a series of illustrations to emphasize 
the practical value of the method. 

One important observation holds good for every case. In not a 
single instance did the arthroscopy cause any injury to the joint which 
could be detected either macroscopically, when arthrotomy was _ per- 
formed, or microscopically, when tissues were examined histologically. 
In the great majority of patients there was no temperature reaction what- 
ever; in a few the temperature rose to 101. As a rare exception it regis- 
tered 102. Most of the knees showed a transient effusion, decidedly less 
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than that seen after an arthrotomy. The effusion invariably subsided 
after a few days of rest and the application of a compression bandage. 
In the cases where arthroscopy was followed immediately by arthrotomy, 
the reaction was no greater than in control cases when operation was per- 
formed without a preliminary arthroscopy. These facts seem to us to 
answer unequivocally those who fear the danger of infection or of damage 
to the joint by arthroscopy. Certainly, as contrasted with an arthrotomy, 
the procedure causes decidedly less reaction. In a large percentage of 
cases subjected to an exploratory arthrotomy, despite the utmost refine- 
ment of technique, the inflammatory reaction after arthrotomy gave 
ample evidence of the traumatism it caused. We abandoned exploratory 
arthrotomy as a means of diagnosis because we were convinced it did our 
patients more harm than good. Besides, in all but advanced cases of 
tuberculosis, the microscopic diagnosis of tissues removed at arthrotomy 
yas negative for tuberculosis, despite the subsequent positive proof of 
the presence of that disease. Arthroscopy has the advantage over ex- 
ploratory arthrotomy, not only in being decidedly less traumatic, but be- 
‘ause it permits an inspection of the entire joint, whereas the exploratory 
operation, unless performed through a large incision, limits the view to a 
small portion of the knee. 

Our cases may conveniently be divided into three groups: the trau- 
matic, with particular reference to a possible meniscal injury; the arthritic, 
including those suspected of tuberculosis; and the miscellaneous,—inter- 
mittent hydrarthrosis, suspected tumors, sarcoid disease, ete. 


Group I—Cases Involving the Menisci 


It is only in exceptional instances of suspected meniscal injury that 
arthroscopy is indicated. As a rule, the history and physical examina- 
tion are sufficient to make the diagnosis and warrant arthrotomy. In 
some patients, however, even the most thorough study leads to nothing 
but uncertainty. It is in those cases that arthroscopy is of value, par- 
ticularly when dealing with a patient strongly averse to a major operative 
procedure. Such a patient, we have found, will readily consent to an 
arthroscopic examination and, if this evidences a lesion of the meniscus, 
it has proven the strongest argument to convince the patient that opera- 
tion is advisable. Ten patients are included in this group; in eight, 
arthroscopy was done to clear up the diagnosis of a doubtful meniscal 
injury; in two, following removal of the meniscus, to determine the con- 
dition of the joint after meniscectomy. In six of the first eight patients, 
arthrotomy was done immediately after the arthroscopy. 

The arthroscope, because of its magnification, demonstrated a patho- 
logical peculiarity of damaged menisci which hitherto has not been 
stressed,—the presence of fine vascular lines of hyperaemia crossing over 
the meniscus. These lesions were found in every damaged meniscus, ex- 
cept in one instance where the history and other pathological findings 
indicated that we were dealing with a pathological fracture. Occa- 


262 M. 5. BURMAN, H. FINKELSTEIN, AND LEO MAYER 


sionally a lesion in the bone or synovial membrane adjacent to the menis- 
cus gave rise to similar lines of hyperaemia. In a few cases the meniscal 
fracture could be seen better with the arthroscope than when the joint 
was opened. On the other hand, the arthroscope cannot detect a fracture 


under the following circumstances: 
1. If the tear does not quite reach the superior surface of the 
meniscus. 
2. If the fracture is obscured by overhanging fat or synovial folds. 
3. If the fracture is situated beneath the posterior portion of the 


internal femoral condyle. 
In such cases the presence of the vascular lines of hyperaemia are of con- 


siderable diagnostic importance. 
The two cases in which arthroscopy was done subsequent to meniscec- 
tomy are illustrative of the value of the method in medicolegal cases. 


The first patient, 8S. G., was a woman of forty who, five years before, had had an 
arthrotomy for a torn internal semilunar cartilage. The anterior half of the meniscus 
was removed at the Long Island College Hospital. Owing to persistence of pain, she was 
operated upon again a year later at the Hospital for Joint Diseases, and the posterior half 
of the internal meniscus was removed. Although she improved, the knee again became 
painful following an auto accident one and a half years later. The examination revealed 
slight swelling of the knee, tenderness over the medial aspect, and restriction of motion 
(angle of greatest extension, 170 degrees; angle of greatest flexion, 120 degrees). The 
patient absolutely refused to permit further operation in the knee. The insurance 
carrier, claiming that the patient’s symptoms were largely if nct entirely neurotic, in- 
sisted that compensation be discontinued. Under the circumstances, both claimant and 
carrier welcomed arthroscopy as a means of determining the exact status of the joint. 
The synovial membrane was found covered with numerous fine, injected villi, and an 
erosion of the cartilage on the anterior surface of the intercondylar fossa was clearly 
visible. There was no doubt of the diagnosis of a villous arthritis, thus disproving the 
diagnosis of a compensation neurosis. The court awarded the patient adequate com- 


pensation. 
In the second case, the arthroscopy led to an exactly opposite con- 
clusion. 

The patient, a man of forty-two, had suffered an injury to the knee, resulting in 
symptoms suggestive of a meniscal injury. An arthrotomy had been done and a loose 
(not a fractured) meniscus removed. Despite primary union of the wound, the patient 
claimed that his knee remained painful. He was readmitted to the Hospital. Examina- 
tion showed slight swelling, tenderness over the mesial aspect, slight restriction of motion, 
and a marked limp, exaggerated far beyond what the objective disturbance of the jcint 
would Jead one to expect. At arthroscopy an absolutely normal joint was found, except 
for a slight enlargement of the retropatellar fat pads. The patient was treated on the 
basis of a neurosis. 


The legal settlement of this case is still pending, but it is already clear 
that the arthroscopic evidence will be of great importance in reaching a 
just decision. 
Group II—Arthritic Cases, Including Tuberculosis 


The indication for arthroscopy in cases of frank arthritis is usually 
not diagnostic but therapeutic. It helps to decide whether a joint which 
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has failed to respond to non-operative treatment should be operated upon 
and what type of operation is indicated. It is of particular value in de- 
ciding whether a synovectomy is feasible or whether arthrodesis must be 
done. It has been our experience that patients invariably want to know 
in advance whether an operation is undertaken to produce a stiff knee 
or whether there is a chance of securing painless motion. This seems to 
us a reasonable demand, particularly since, with the arthroscope, it is 
possible to determine before arthrotomy the exact pathology of the joint. 
From the diagnostic angle, the arthroscope is of value in helping to dif- 
ferentiate tuberculosis from arthritis. 

Twelve knees of eleven patients are included in this group. Vis- 
ualization was usually good. In cases of marked destruction, particu- 
larly of advanced tuberculosis with obliteration of the joint space, how- 
ever, it was impossible to distend the joint, and consequently nothing could 
be seen. After one or two such experiences, the operator realizes their 
significance and can draw the correct conclusion regarding the pathology 
of the joint. The lack of visibility does not prevent one from taking 
a specimen with the operating arthroscope, although it does necessitate 
doing this blindly. 

It was in the group of arthritic cases that we had the pleasant surprise 
of seeing a marked improvement in the joint following arthroscopy. 
This unlocked-for therapeutic effect was so marked in the case of one 
patient ‘A. B.) that after his one knee had been examined he begged us to 
do the same for his other knee. The case warrants citation for another 
reason. 

The patient, a man of fifty-two, was admitted to the Hospital because of pain and 
swelling of the right knee. The onset had been gradual; the duration of symptoms, nine 
months. Since childhood he had had an ankylosed right hip, supposed to be due to 
tuberculosis. Examination showed the hip ankylosed in 15 degrees of adduction. The 
knee showed a range of motion from 180 degrees to 75 degrees, and marked swelling, due 
chiefly to synovial effusion. The tuberculin test was negative. The x-ray showed mod- 
erate osteo-arthritic changes. The arthroscopic findings were: abundance of fat in joint, 
with many villi floating freely in the joint cavity; infrapatellar fat pads enlarged and a 
little injected; area of recent hemorrhage on roof cf quadriceps bursa; joint cartilage 
normal, save for a small fibrinous-covered area above the intercondyloid fossa. Part of 
the internal meniscus was seen, and this seemed normal. Biopsy specimen was taken and 
showed a non-specific chronic synovitis. The synovial effusion disappeared after the 
arthroscopy and the patient felt so much better that he could be discharged. Two 
months later he returned with a swelling of the left knee and the request that we give him 
the same treatment which had helped his right knee. Here also the arthroscopic exami- 
nation showed a non-specific inflammation of the synovial membrane, and, as in the 
right knee, the swelling promptly disappeared after the arthroscopy. It seems to us 
that, as already stated, this improvement was due to the withdrawal of the synovial 
effusion and to the distention and thorough irrigation of the joint. 


The case is significant also in illustrating the diagnostic method of 
differentiating tuberculosis from non-specific arthritis. Here we had a 
patient who, on his first admission, certainly gave us reason to consider 
the probability of a tuberculous infection. Had his tuberculin reaction 
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been positive, the diagnosis would have been thoroughly justified. 
We were able to exclude it with reasonable certainty by the arthro- 
scopic examination and the biopsy specimen. 

We want, however, to stress the fact that we are not yet able to ex- 
clude the diagnosis of tuberculosis with certainty in all cases. This is 
due, we think, partly to our inexperience in recognizing the early synovial 
changes of tuberculosis, and partly to the nature of the tuberculous process, 
which in some instances remains subsynovial or osseous until a later stage 
of the disease. We have, on the other hand, been able twice to prove a 
joint to be tuberculous with the arthroscope. 


Group II1I—Miscellaneous Cases 


Each one of the eight cases of this group is so distinctive as to warrant 
brief summary. Two were children with unusual joint manifestations, 
three involved traumata to the joint with peculiar manifestations and 
complications, two were rare types of arthritis, and the eighth was an 
intermittent hydrarthrosis. 


Both children were eight years old. Bernice S. had had recurrent attacks of swell- 
ing, pain, and limitation of motion of the right knee for a period of three years. Each 
attack had lasted from two to six months. The x-ray had shown normal bone. Despite 
negative tuberculin and guinea-pig tests of the joint fluid, we felt that tuberculosis could 
not be positively excluded and were, therefore, uncertain whether to advise synovectomy 
or fusion. The parents, intelligent people, hesitated to consent to an operation unless 
we could give them more definite information. Arthroscopy was therefore advised. 
Visualization of the joint proved extremely difficult because of the proliferation of the 
synovial membrane and the presence of numerous adhesions. Several specimens were 
removed and, as these showed simple non-specific chronic synovitis, we felt warranted in 
advising synovectomy. Operation confirmed the arthroscopic findings. The child 
made an excellent recovery from the synovectomy and has had no recurrence of the 
joint disturbance. 


Mildred H. had a chronic swelling of the knees, both elbows, both wrists, and of the 
tendon sheaths of both ankles. The knees were enormously enlarged, measuring thir- 
teen and one-half inches in circumference. Despite the most thorough study, no positive 
diagnosis could be made. Because of the possibility of syphilis (Clutton’s joints), she 
was given antiluetic treatment for several months without, however, any improvement. 
Since the x-ray showed a small cyst of the olecranon, this was explored but no pathology, 
other than simple inflammatory changes, was found. The child’s appearance, the pres- 
ence of lymphatic enlargement, and the anaemia, inclined our medical consultants to the 
diagnosis of Still’s disease. Arthroscopy was done to secure further data. It showed 
small circumscribed red bodies attached in clusters to the synovial membrane. The 
joint cartilage was normal. The specimens removed were diagnosed microscopically as 
chronic villous synovitis. The peroneal sheath of the right ankle was then opened. It 
was filled with masses of spongy red tissue, similar to those seen in the knee. This tissue 
microscopically revealed peculiar tubercles closely resembling those seen in sarcoid 
disease. These differ from the tubercles of tuberculosis in the total absence of carious 
degeneration. Guinea-pig injection of the tissues was negative for tuberculosis. On the 
basis of the arthroscopy and the peroneal-sheath exploration, we felt. that synovectomy 
was the procedure indicated. Both knees were operated upon with excellent results, and 
the tendon sheaths of the ankle were resected. The swelling of the elbows and wrists 
diminished after the lower extremities had been operated upon. There has been no 
recurrence of the knee swelling. 
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Of the traumatic cases, Evelyn H., aged twenty-three, gave a history of repeated 
locking of the right knee following a trauma nine years previously. Examination showed 
marked tenderness along the line of the internal meniscus and of the internal lateral 
ligament, with limitation of flexion to 100 degrees; roentgenograms were normal. A pro- 
visional diagnosis of meniscal injury was made. At arthroscopy the meniscus was found 
normal except for the fine hyperaemic lines previously described (p. 261). The internal 
femoral condyle medially was gray and opaque, and numerous fine vascular lines of 
inflammation traversed it. The significance of these findings was doubtful. We con- 
cluded that there was some peculiar lesion in the region of the internal meniscus, possibly 
an incomplete fracture or some inflammatory process. At the arthrotomy a small 
pannus was found over the upper medial aspect of the internal femoral condyle. The 
meniscus showed no macroscopic lesion except the fine vascular lines. There was a dense 
band of adhesions running from the internal condyle to the mesial surface of the synovial 
membrane; when this band was divided, a small superficial focal area of hemorrhage was 
noted in the bone. The patient’s convalescence was slow. Only after five months of 
physiotherapy, including three manipulations under anaesthesia, did the knee finally 
regain free, painless motion. 


We feel that in this case operation really retarded the patient’s 
recovery, since we did nothing more than divide an adhesion which could 
unquestionably have been stretched by non-operative methods. This 
case illustrates both the uncertainty of diagnosis when history, symptoms, 
and the conventional examination seem to indicate a meniscal injury, 
and also how much we still have to learn about the significance of the 
arthroscopic findings. 

The second traumatic case, also a woman, illustrates again the value 
of arthroscopy in cases suspected of malingering. 


Helen K., aged twenty-eight, had struck her left knee about two and a half years 
before examination, while working as a telephone operator. The knee soon became 
swollen and painful. It was aspirated and splinted without relief and the knee remained 
painful despite considerable treatment. The knee was said to lock occasionally on 
walking; this may have happened twelve to fourteen times altogether. The patient 
stated that she had not been able to bend her knee recently. It was held in full extension 
and could not be flexed. The knee was slightly enlarged but was otherwise negative. 
A roentgenogram revealed slight bony irregularities. It was felt, following a neurological 
examination, that the patient was trying to capitalize her injury, that many of her 
symptoms were fictitious, and that a diagnosis of malingering was justified. 

A manipulation of the knee without anaesthesia resulted in free and easy motion. 
Arthroscopy was done under local anaesthesia. It showed a moderately hypertrophied 
and slightly injected synovia. An area of erosion was seen on top of the intercondyloid 
fossa and the joint cartilage of the external femoral condyle was grayish, more opaque 
than normal, and traversed longitudinally by several old grooves. The surface of the 
joint cartilage was in general fuzzy and fibrillar. The cartilage on the undersurface of 
the patella was covered by thin, fine, fibrillar fuzz. The menisci seemed normal. The 
insertion of the anterior crucial ligament was more fibrillar and reddish than normal. A 
diagnosis of arthritis of the knee was made on the basis of the above findings. 

To check the arthroscopic findings, an arthrotomy was also done. This confirmed 
in every respect what had been seen with the arthroscope. 


It is evident that in this case the strong suspicion of malingering 
was disproved by the extensive pathological changes shown by the arthro- 


scope. 
The third case illustrates the difficulties of diagnosis even with the 
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aid of the arthroscope in a traumatic case complicated by very early 
tuberculosis. 


Sam S., aged forty-seven, had been struck a glancing blow on the left knee by an 
automobile ten weeks before his admission to the Hospital. The knee had been splinted 
at once; roentgenograms were negative. Relief had been obtained in three weeks; pain, 
however, had continued. Examination showed that the knee could be extended to 165 
degrees and flexed to the normal limit. There was a slight limp on walking. There was 
some atrophy of the quadriceps. No crepitations were present on motion. The joint 
was tender on the external aspect. Roentgenograms at first were considered negative; 
comparison with the normal right knee suggested a slight osteochondral fracture of the 
external condyle of the tibia, the plane of the tibia being altered slightly near the tibial 
spines. 

At arthroscopy a round, hemorrhagic mass, about one-quarter of an inch across, was 
noted under the quadriceps tendon. A few fine adhesions were noted in the quadriceps 
bursa and a few small areas of hemorrhage were noted on each side of the patella. There 
was some increase in the fatty constituents of the joint, limiting vision of the bottom of 
the joint. The synovia was slightly injected. The joint cartilage of the femoral condyles 
was normal, save for two small erosions on top of the intercondyloid fossa. The internal 
meniscus was seen in part and was normal. A biopsy specimen showed an old hemor- 
rhagic synovitis. 

This man, when seen three months later at another hospital, showed increased 
swelling of the knee and x-ray changes strongly suggestive of tuberculosis. This diag- 
nosis was confirmed at operation and a fusion of the knee was done. 

The sixth patient in this miscellaneous group was a male, aged twenty-three. He 
stated that swelling of the left knee had been present for three months and was not related 
to trauma. Pain had begun a month before admission. Motion of the knee had always 
been free. On three successive occasions a bloody fluid had been obtained on aspiration 
of the knee. 

Examination revealed a swollen joint which was painless, and in which motions were 
normal. Roentgenograms and blood Wassermann test were negative. Coagulation 
time of blood was one and a half minutes; the bleeding time, two and a half minutes. The 
fragility test disclosed partial hemolysis at 0.42 and complete hemolysis at 0.38. Hemo- 
philia could thus be ruled out, and some local condition, non-traumatic in origin, possibly 
an angioma within the knee joint, was believed responsible for the bleeding. 

Arthroscopy was done under general anaesthesia. An excessive amount of bleeding 
was noted in making the usual nick in the skin. There was much blood within the joint 
and it was necessary to wash the joint repeatedly to allow vision. The joint was filled 
with a dark brown, fuzzy fibrin which occupied the entire quadriceps bursa and joint space. 
The internal femoral condyle was brown in color and a defect was present in its lower 
surface. This was covered with fibrin. The anterior crucial ligament was normal. The 
internal meniscus was not seen, because the bottom of the joint contained much fibrin. 
The synovia was reddish brown in color and increased in quantity. There was a definite 
enlargement of the infrapatellar fat pad. A diagnosis of hemorrhagic synovitis was 
made and immediate arthrotomy undertaken. Operation confirmed the arthroscopic 
findings and showed, in addition, polypoid-like hemorrhagic masses in the anterior 
external compartment of the knee. 

Pathological examination of the synovia disclosed a hypertrophic synovia with 
much villous formation. Many newly formed blood vessels with much old blood pig- 
ment and some giant cells were located in the synovia. The vascular appearance did 
not resemble an angioma and the condition is believed related to a polymorphocellular 
xanthoma-like or angioma-like lesion, occasionally encountered in tendon sheaths and 
joints, especially in the knee. The lesion is not a true tumor. Smear of the synovia 
revealed many red cells, few white cells, and no bacteria. Culture of the synovia was 
sterile. 
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Convalescence was uneventful. An immediate postoperative rise to 101.6 degrees 
was noted and for four days the temperature ranged between 100 and 101 degrees. From 
the fifth to the twelfth days after operation, it ranged between 99 and 100.2 degrees. 

This patient was observed for a year after operation. The motion of the knee grad- 
ually returned and eventually became normal. There was no recurrence of the swelling. 


Here the arthroscope enabled us to make a preoperative diagnosis of 
a peculiar type of hemorrhagic synovitis and gave a definite proof of the 
advisability of a synovectomy. 


In the seventh patient, a woman of thirty-seven years, pain and swelling had de- 
veloped after a mild trauma one year previously. After aspiration, symptoms had sub- 
sided; but a second attack followed nine months later, and a third six weeks before 
admission. The examination showed a limp, angle of greatest extension 170 degrees, 
angle of greatest flexion 40 degrees, slight enlargement of the joint, and tenderness along 
the line of the internal meniscus. The roentgenograms were negative; so too were the 
general examination and laboratory data. The diagnosis lay between a meniscal injury 
and a monarticular arthritis. At arthroscopy it was difficult to enter the joint but, by 
an oblique puncture, the quadriceps pouch was entered. It was found filled with reddish 
inflamed villi. The synovia was acutely inflamed and hypertrophic. The undersurface 
of the patella was fuzzy and fibrillar. Even without examination of the rest of the joint, 
it was possible to diagnose a villous synovitis. It was decided to attempt a cure by 
immobilization but, despite a temporary improvement by this method, recurrence of 
pain necessitated synovectomy five months later. This confirmed the diagnosis of 
hypertrophic synovitis and showed, besides, peculiar white deposits over the femoral 
condyles, menisci, and synovial membrane. 


Microscopic examination revealed unusual bodies in the synovial membrane re- 
sembling Hassall’s corpuscles. The patient made a good recovery. At follow-up ex- 
amination seven months later, the knee was found painless, with motion from 180 degrees 
to 90 degrees, and the patient walked without a limp. 


The arthroscope again gave valuable evidence in differentiating a 
possible meniscal injury from a monarticular arthritis of meniscal type. 

The final case, a woman of twenty-nine, had had an intermittent hydrarthrosis for 
six years. The swelling appeared at intervals of two to four weeks and lasted four to 
seven days. During the attacks the patient had slight pain necessitating rest in bed 
The physical examination was quite negative and all tests were negative. She was un- 
willing to have an operation but consented to an arthroscopy. The quadriceps pouch 
showed definite inflammation of its lining with some deposition of fibrin. The synovia 
was slightly injected. The cartilage of the patella was quite normal. No meniscal 
injury could be detected. The patient left the hospital after two days, and since the 
arthroscopy has had no return of the effusion. 

Whether this result should be attributed to the distention and thor- 
ough irrigation of the joint or to some coincidence cannot be decided until 
other similar cases are accorded the same treatment. After this experi- 
ence, we feel that, in cases of intermittent hydrarthrosis, arthroscopy 
should certainly be done before synovectomy is considered imperative, 
since it not only may give important diagnostic data but may prevent 
the recurrence of the attacks. 


SUMMARY 


In this paper the technique of knee arthroscopy is given in detail 
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and thirty cases are summarized to indicate the value of the procedure. 
Arthroscopy can be done without fear of infection or of trauma to the 
joint. It has the advantages of a diagnostic arthrotomy without necessi- 
tating operation, and it is, therefore, applicable to many cases in which 
operation is either not permitted or inadvisable. It has, however, 
difficulties, some inherent in the method, others in the technique, which 
necessitate the most thorough cadaver practice before arthroscopy should 
be attempted on a patient. The authors are keenly aware of the present 
imperfections of arthroscopy, and one purpose of this presentation is to 
elicit the active help of their colleagues in perfecting this new diagnostic 
method. 
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TUBERCULOSIS OF THE SHAFT OF LONG BONES* 
A Report oF Casest 


BY GEORGE W. VANGORDER, M.D., F.A.C.S., BOSTON, MASSACHUSETTS 


In the Orthopaedic Clinic of the Peiping Union Medical College 
Hospital, China, during the years 1927 to 1929, six cases of tuberculosis 
of the shaft of bone were admitted to the writer's Service and were thought 
to be of sufficient interest to record. 


Case 1. A Chinese girl of nine years entered the hospital August 15, 1927, with 
a history of swelling of the left fourth finger and left forearm of eight months’ duration. 
The onset of the finger condition was a local injury, while that of the forearm was insidious. 

The patient was first seen in the Out-Patient Department four months previous to 
admission and was treated during that time in the Syphilis Clinic on the basis of the 
roentgenographic findings. Repeated Wassermann tests, however, were negative, and 
four months of antiluetic treatment, in the form of neoarsphenamine injections, showed 
the bone condition to be getting worse rather than better. Moreover, an abscess of the 
soft parts of the forearm appeared which, upon aspiration, showed a culture growth of 
hemolytic streptococcus. Because of this finding, the child was referred into the 
Hospital for drainage of what was then thought to be pyogenic osteomyelitis. Inci- 
dentally, she appeared healthy and had no fever. 

Family history was negative both for syphilis and for tuberculosis. Past history 
was irrelevant. 

Physical Examination: Except for the local surgical condition, the general physical 
examination was not remarkable. Lungs were clear. The left forearm showed definite 
enlargement, as compared with the right, and at its upper and lower thirds were swellings 
resembling abscesses, which were somewhat tender to palpation. The remainder of the 
forearm, though enlarged, was not tender. The elbow and wrist joints were normal. 

The fourth digit of the left hand showed enlargement of its proximal phalanx with 
two small sinuses discharging pus. Upon palpation and motion it was remarkably 
free from pain. 

Diagnosis: While the patient was being treated in the Out-Patient Department, the 
clinical diagnosis was tuberculosis, rather than syphilis. This was based largely upon 
the general appearance of the lesions, together with the negative family history for 
syphilis, and the repeated negative Wassermann tests. Roentgenographic diagnosis, 
however, favored syphilis, though it mentioned the possibilities both of tuberculous and of 
pyogenic osteomyelitis. On the basis of the x-ray findings, antiluetic treatment was 
tried as a therapeutic test but failed to show improvement. Finally abscess formation 
became apparent, and when, upon aspiration, a culture of hemolytic streptococcus was 
obtained, it was felt that the diagnosis of pyogenic osteomyelitis was definitely estab- 
lished, and the patient entered the Hospital with this diagnosis. 

Operation: Incision and drainage of abscesses of left ulna for chronic osteomyelitis. 

Procedure: Incisions were made over both prominent areas through a thickened but 
apparently intact periosteum to definite localized abscess cavities in the bone, which were 
carefully curetted and washed out with Dakin’s solution. The gross pathology of both 
abscesses was exactly the same. The wounds were left open and treated with Dakin 
compresses. They healed readily and remained healed, as is shown by the photograph 
taken two years later (Fig. 3). 

Postoperative Laboratory Findings: Bacteriological reports on two cultures taken 


* Received for publication September 15, 1933. ; ; 
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from the wounds at the time of operation were 
conflicting; one culture showed a growth of 
hemolytic streptococcus and the other showed no 
growth of organisms. 

The pathological report was as _ follows: 
“Sections show fibrous and granulation tissue con- 
taining many small and large tubercles consisting 
of epithelioid cells and giant cells”. 

Pathological Diagnosis: Tuberculosis. 


Case 2. A Chinese boy of eighteen entered 7 fe 
the Hospital October 11, 1927, complaining of a 
swelling of his left forearm of two months’ duration. < 


The onset had been gradual and was not accom- - ee “s 
panied by any signs of acute inflammation. There P | 
was no history of injury. : 

Physical Examination: Except for the local a 


surgical condition, physical examination was not Fia. 3 

remarkable. In the mid-portion of the left forearm Case 1. Two years. after 
was a tender, localized, fluctuant abscess, meas- Operation. 

uring five by eight centimeters. The skin over it 

was tense, shiny, and slightly inflamed. Blood, urine, and Wassermann reactions were 
negative. 

Diagnosis: When the patient was first seen in the Out-Patient Department, before 
the formation of the abscess in the soft parts, a diagnosis of bone tumor was made. This 
was later changed to “bone abscess’. The x-ray diagnosis was ‘‘abscess of the middle 
third of the left ulna, probably tuberculous’’. 

Operation: Excision of bone abscess of left ulna. 

Procedure: A pneumatic tourniquet was used. Incision was made over the promi- 
nence of the tumor and carried down to a pocket of pus which had formed in the muscle 
layers just outside the bone. The incision was then carried deeper to the bone, where 
three cloacae were found draining a central cavity in the middle of the shaft of the ulna. 


Fig. 4 
Case 1. Roentgenograms two years after operation, 
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Uncovering this cavity showed a smoothly lined pocket in the bone, filled with a gela- 
tinous material which was rubber-like and somewhat caseous. Wound was closed with- 
out drainage. 

Following operation, the wound healed per primum and remained healed for fifteen 
months, when the patient was last seen. 

Postoperative Laboratory Findings: Laboratory reports on the materials obtained at 
operation showed no bacterial growth from the pus and positive evidence of tuberculosis 
in the pathological sections. 


Case 3. A Chinese girl of twelve was admitted to the Hospital on April 19, 1928, 
complaining of an oval swelling at the lower end of her right radius, which was first 
noticed several months previously, and which had slowly but steadily increased in size. 
There was no history of pain or marked tenderness associated with it, and no history 
of trauma. 

Family history was negative; past history, irrelevant. 

Physical Examination: Examination showed nothing remarkable outside of the local 
surgical condition. The right forearm showed two localized swellings,—one four centi- 
meters above the wrist on the radial side, and the other at the mesial aspect of the elbow. 
The wrist swelling measured two and one-half by three and one-half centimeters and 
was moderately tender to pressure. It felt slightly warmer than the surrounding skin 
areas and was also softer in consistency and somewhat reddened. The elbow lesion 
appeared very definitely to be an enlarged epitrochlear gland which was breaking down. 
Movements of both wrist and elbow were painless and unrestricted. 

Diagnosis: The clinical diagnosis was abscess of the right forearm of unknown 
etiology, with associated epitrochlear adenitis. Roentgenographic diagnosis was abscess 
of the right radius and expansion of the shaft of the fifth metacarpal with cortical absorp- 
tion here and there, combined with periosteal elevation. The X-Ray Department con- 
sidered the possibilities of the lesions being either pyogenic or tuberculous in origin, but 
favored tuberculosis as the final diagnosis. Additional roentgenograms showed mild 
pulmonary tuberculosis, but no bone lesion about the elbow joint. 

Operation: Incision and curettage of abscess of right radius. 

Procedure: Incision made over the lower swelling led down to considerable tuber- 
culous exudate that lay between the muscle layers and the bone, and helped to form the 
abscess which was just proximal to the wrist joint. The abscess and an adjacent shallow 
bone cavity on the palmar surface of the radius were carefully eradicated. Wound was 
closed without drainage. 

Following operation, the wrist wound healed per primum, but the epitrochlear gland 
gradually broke down. 

Postoperative Laboratory Findings: Cultures of the pus from the operative wound and 
from material obtained at operation all showed no growth of organisms, and guinea-pig 
inoculation was positive for tuberculosis. 

Follow-Up: Fifteen months after operation, the wound at the wrist had remained 
healed, and the epitrochlear gland lesion was also healed. Function was perfect 
(Fig. 9). 

Case 4. A Chinese boy, aged eleven, entered the Hospital September 14, 1928, 
with a discharging sinus in the region of his left elbow joint. His history showed that, 
five months before, he had begun to have some pain in the involved area, and later a 
localized swelling that grew steadily worse until it spontaneously ruptured, discharg- 
ing pus. 

Family history and past history were irrelevant. 

Physical Examination: Except for the condition of the left forearm, the general 
physical examination was entirely negative. 

Over the posterior surface of the left ulna, adjacent to the elbow, was an ulceration 
measuring two by three centimeters, with a discharging sinus in its central portion. The 
entire left forearm was noticeably larger than the right, and palpation showed that the 


| 
| 


‘Sly 


G. W. VANGORDER 


4 
om 
} 
i, 
rie! 
| 
4 
ae 


TUBERCULOSIS OF THE SHAFT OF THE LONG BONES 275 


entire shaft of the ulna was thickened and slightly tender. Movements of the elbow 
joint showed slight restriction in all directions, but no pain. 

Diagnosis: A clinical diagnosis of chronic pyogenic osteomyelitis of the left ulna 
was made before roentgenographic examination. X-ray diagnosis included the possi- 
bilities cf pyogenic osteomyelitis, tuberculosis, and neoplasm, but definitely favored 
tuberculosis with multiple abscesses involving the entire left ulna. 

Operation: Excision and drainage of multiple abscesses of the left ulna. 

Procedure: A longitudinal incision was made over the entire length of the left ulna, 
exposing the shaft which was found to be thickened and filled with multiple abscesses. 
The proximal end contained a great deal of granulation tissue and a slight amount of 
caseous material. After reflecting the periosteum, a long trough was created by chiseling 
off the cortex of the entire bone. Pus was evacuated, 
and the marrow cavity thoroughly cleaned out and 
swabbed with mercurochrome solution. The wound 
was left wide open and packed with sterile vaselin gauze. 
Dry sterile dressings were used. A circular plaster cast 
was applied from the fingers to the axilla, with the elbow 
joint in the right-angle position. 

After ten days, a new cast was applied, but the 
vaselin packing was not disturbed. Orr’s treatment 
was continued until the wound was completely healed, 
seven months after operation (Fig. 11). 

Postoperative Laboratory Findings: Pathological sec- 
tions of the material obtained at operation showed many 
small and large tubercles of epithelioid cells and giant 
cells, as well as areas of necrosis and caseation. 

Diagnosis: Tuberculous osteomyelitis. 


Cast 5. A Chinese girl of twenty-one entered the 
Hospital March 13, 1929, complaining of pain and swell- 
ing of the left elbow joint, of one and a half months’ 
duration. There was no history of trauma. Pain was 
slight but persistent and had no definite relation to 
movements of the joint. There was never any redness 
or increased local heat. The condition had been 
steadily getting worse. 

The family and past history were irrelevant. 

Physical Examination: The general physical ex- 
amination showed nothing unusual. The local surgical 
condition showed a diffuse swelling over the posterior 
surface of the elbow with definite fluctuation over the 


olecranon bursa, which was exquisitely tender and Fic. 9 
slightly hot. Motions of the joint were not limited, Case 3. Fifteen months 
but a little guarded. after operation. 


Diagnosis: The clinical impression before roentgeno- 
graphic examination was olecranon bursitis, with a question of associated bone pathology. 
X-ray diagnosis was “Tuberculosis of proximal end of left ulna with early abscess 
formation’’. 

Operation: Excision of abscess of left ulna. 

Procedure: A pneumatic tourniquet was applied and an incision, eight centimeters 
long, was made over the olecranon bursa. Upon cutting through the skin, about twenty 
cubie centimeters of chocolate-colored fluid escaped. The incision was deepened down 
to the bone, where it was found that the medial side of the olecranon was thickened and 
roughened. After the periosteum had been carefully reflected, the bone abscess pre- 
viously seen by x-ray was unroofed and about two-thirds of the thickness of the ulna was 
removed in order to completely eradicate it. Great care was used not to enter the joint 
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cavity. Afterthe wound wasswabbed out with mercurochrome, it was closed in layers with- 
out any drain. A plaster cast was applied with the elbow held in the right-angle position. 
Following operation the wound broke down, but healed three months later, and 
remained so for one year, when the patient was last seen (Fig. 14). 
Postoperative Laboratory Findings: The reports of the material sent to the laboratory 
were negative for culture growth and positive for tuberculosis by guinea-pig inoculation. 


Case 6. A Chinese male of twenty-one entered the Hospital April 3, 1929, com- 
plaining of a swelling in the upper third of his left tibia. His trouble began about fifteen 
months previous to admission, when he had pain for three weeks in the upper third of his 
left leg, followed by a local swelling. There was no history of trauma. 

The family and past history were irrelevant and there was no known history of 
tuberculosis. 

Physical Examination: The general physice' examination showed some evidence of 
pulmonary tuberculosis at the right apex, a greatly enlarged and nodular epididymis, 
and fusiform swellings over the first right metacarpal, third left metacarpal, and dorsum 
of the left foot. All of these lesions resembled both tuberculosis and syphilis. 

The surgical condition for which the patient came to the Hospital was located over 
the mesial aspect of the left tibia at its upper third, where there was a bone-hard, smooth, 
painless swelling, the size of a duck’s egg, intimately associated with the bone. 

Diagnosis: The clinical impression of this case before roentgenographic examination 
was tuberculosis or syphilis. X-ray diagnosis was tuberculosis. 

Operation: Excision of abscess of the left tibia. 

Procedure: Under spinal anaesthesia a pneumatic tourniquet was applied. A 
longitudinal incision was made a little to the medial side of the prominent bony swelling. 
After cutting through the skin, fascia, and muscles, the periosteum was incised and 
reflected, revealing two tiny holes, two centimeters in diameter, on the medial side of the 
bone. The bone-abscess cavity, containing caseous material, was unroofed. After the 
abscess cavity had been totally removed, the wound was swabbed with mercurochrome 
solution and closed tightly in layers. 

Postoperative Laboratory Findings: The laboratory report on the material obtained at 


Fia. 10 
Case 4. Roentgenograms before operation. 
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operation showed no bacterial growth 
on culture, and positive evidence of 
tuberculosisin the pathological sections. 


DISCUSSION 
The Clinical Picture: 

We know that tuberculosis 
of the osseous system shows a 
marked predilection for the 
earlier years of life, and this 
rule holds true in the case of 
tuberculosis of the shaft of 

Case 4. Seven months after operation. 
bone. In this series of six cases, 
the ages of the patients ranged from nine to twenty-one years. 

That shaft tuberculosis does occur in adults was shown by Ragolsky ! 
who reported a case of tuberculosis of the shaft of the femur in a male of 
forty-five years, but such instances are exceedingly rare. 

The clinical features of the disease have been well described by 
Fraser *, and are manifested by: (1) local thickening of the affected bone, 
(2) pain, (3) muscular wasting, (4) abscess formation, and (5) sinus 
formation in the late stages. Other lesions of tuberculosis either in bone 
or in other parts of the body are sometimes associated, as is shown by one- 
half of the cases of this series. Case 1, for instance, had an additional 
tuberculosis lesion in the shaft of the proximal phalanx of the ring finger 
of the left hand; Case 3 had an additional tuberculous focus in the shaft 
of the fifth metacarpal bone of the 
right hand; and Case 6 had other 
lesions of tuberculosis in the meta- 
‘arpal bone, tarsal bones, epidid- 
ymis, and lungs. 

Tuberculosis of the shaft of a 
bone can hardly be said to have a 
characteristic clinical appearance, 
because it may simulate any thick- 
ening of bone, such as is found in 


pyogenic osteomyelitis, syphilis, 
or neoplasm. In its early stages, 
before the periosteal proliferation 
becomes osseous, the local swelling 
may be yielding and indentable to 
pressure; but, as ossification pro- 
ceeds, it becomes as hard as healthy 
bone; later, if the abscess breaks 
through the bony shell into the soft 
parts, it becomes fluctuant. Palpa- 
tion of the affected bone may show 
any one of these clinical condi- after operation. 
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Fia. 13 Fig. 14 
Case 5. Roentgenogram before operation. Case 5. One year after operation. 


tions, depending upon 
the stage of the disease. 

The enlarged 
shaft is not noticeably 
tender to pressure as a 
rule, and there is no 
increased local tem- 
perature or redness 
until the formation of 
soft-part abscesses. 

Pain, as a symp- 
tom, is variable in 
shaft tuberculosis. Frequently it is entirely absent and, as a rule, is only 
slight, but in certain cases pain may be a prominent symptom. The reason 
for this, according to Fraser, is that, when the disease is confined to the in- 
terior of the bone, the slow progress of the infiltration precludes any degree 
of sudden tension; but, as the bone abscess further develops and approaches 
the cortex, a serous effusion takes place beneath the periosteum, which 
exerts tension upon the nerve endings and temporarily results in local pain. 
A second possibility for the cause of pain may be that the tuberculous infil- 
tration in certain cases extends more rapidly than usual, producing an in- 
creased interosseous tension, such as is present in acute osteomyelitis. 

Whatever may be the exact cause of pain in these exceptional in- 
stances, it would seem fair to assume that the presence or absence of pain 
might be accounted for on the basis of (1) the location of the lesion, and 
(2) the rapidity of its extension. 

Muscular wasting, although present to a moderate degree in shaft 
tuberculosis, is not an outstanding feature. It is much less marked than 
in cases of joint tuberculosis and is probably dependent upon the degree of 
disuse of the part. 


Fig. 15 
Case 5. Roentgenogram one year after operation. 
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Abscess formation takes place in tuberculosis of the shaft of bone as 
the local process of softening and caseation progresses in the interior of 
the bone, and is one of the outstanding characteristic features of the 
disease. It was present in all of the cases of this series, but is usually not 
recognized clinically until periosteal proliferation gives evidence of bone 
thickening or until the abscess breaks out of its bony shell into the sur- 
rounding soft parts. 

Sinus formation is seen only in the late stages of the disease, when the 
bone abscess has extended into the soft parts and later worked its way to 
the surface of the skin. Just previous to rupture, the lesion shows all of 
the signs of an acute abscess with local tenderness, increased local heat, 
and fluctuation. 

The general physical examination of patients with tuberculosis of 
the shaft of bone is not striking. Outside of other manifestations of 
tuberculosis, which may be present and act as a lead, there are no charac- 
teristic diagnostic signs or symptoms beyond the local lesion. As a rule, 
there is no fever and no leucocytosis, and the general health is not dis- 
turbed. Thus, from the clinical picture alone, it is difficult to establish 
with any certainty the diagnosis of tuberculosis in the shaft of a bone. 


The Pathological 
Picture: 

As a result of his 
attempt to establish 
experimental foci of 
tuberculosis in various 
regions of the bones of 
young dogs, Allison * 
found it possible to 
grow such foci in the 
epiphysis, in the meta- 
physis, in the dia- 
physis, in the cortex 
of the shaft, and on 
the joint surfaces. 

A study of the 
‘ases in this present 
series gives evidence 
of the fact that, in 
human beings also, 
tuberculous foci may 
develop in various re- 
gions of the shaft of 
bone. 

Case 1 of this 
series is a good illus- Case 6. Roentgenograms before operation. 
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tration of the pathological evolution of typical lesions of tuberculosis in 
the shaft of bone as seen by successive x-ray examinations (Figs. 1 and 
2). It will be noted that soon after the focus of infection became estab- 
lished in the interior of the bone, the periosteum began to show a reaction 
of proliferation that continued until the tuberculous foci were com- 
pletely walled off by thickened bone lamellae and zones of hyperostosis 
or endosteal thickening, which obliterated the adjacent medullary canal 
and completely isolated the abscesses from the remainder of the bony 
shaft. 

Further study of these cases shows that the bone abscesses thus 
formed may either remain localized in the interior of the shaft, as in Case 1, 
or extend from the medulla to the periphery and later invade the 
soft parts. Five cases out of the six in this series had progressed to the 
point of penetration of their bony shell with involvement of the adjacent 
soft tissues, and in one case had gone on to sinus formation. 

The operative notes on these cases give a fair description of the 
surgical pathology found. Where the soft parts were not involved, the 
periosteum over the bone abscess was seen to be thickened and intact. 
Beneath this, the cortical layer appeared softer and more porous than 
normal, the degree of porosity depending upon the proximity of the 
abscess wall. Unroofing the cortical layer revealed the sharply defined 
abscess cavity which, in some instances, contained fibrous and gelatinous 
tissue and, in others, caseous material and pus. 

Where the bone abscess had broken through into the soft parts, the 
periosteal and cortical layers were found to be perforated, the latter being 
thin as a shell with cloacae running through it. 

Fraser’, in describing the gross pathological varieties of osseous 
tuberculosis, classifies them into four different types: (1) the encysted 
tuberculous lesion, (2) the infiltrating tuberculous lesion, (3) the atrophic 
tuberculous lesion, and (4) the hypertrophic tuberculous lesion. He later 
states, in a foot-note, that the last type (hypertrophic) should not be in- 
cluded as a classification, as he now considers it primarily a syphilitic 
infection, secondarily infected with tuberculous disease. According to 
him there are, then, the three remaining varieties of shaft tuberculosis. 

The first variety (encysted tubercle) is the most common and the 
most chronic, and is illustrated in this study by Cases 1, 2, and 6 (See 
Figs. 2, 5, and 16). 

The second variety (infiltrating type) represents the more acute form 
of the disease, in which the attempt on the part of the marrow and sur- 
rounding bone elements to localize the disease is inefficient. Such a 
process, if allowed to progress, may involve the greater part of the shaft 
of a bone and result in a diffuse tuberculous diaphysitis. Case 4 is an 
illustration of this infiltrating type of disease (Fig. 10). 

The third variety (atrophic type) is seen nearly always in the meta- 
physeal ends of long bones and is characterized by local atrophy of the 
bone lamellae, with little or no periosteal proliferation. The process 
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may extend to the articular cartilage, but does not, as a rule, invade it. 
Cases 3 and 5 are examples of this classification (Figs. 7 and 13). 

In summing up the pathological picture, we may say that a tubercu- 
lous focus may originate in any portion of the shaft of a bone, and that 
its tendency is to form an abscess. The formation of this abscess causes 
a definite reaction on the part of surrounding bony structures, which in 
the diaphysis is much more marked than in the metaphysis. The fate 
of the bone abscess may be: (1) to remain encysted; (2) to spread un- 
checked along the marrow cavity; (3) to extend from the medulla to the 
periphery, later involving the surrounding soft parts; or (4) to extend 
from an original metaphyseal focus into the epiphysis and later into a 
joint. 


The X-Ray Picture: 


A study of the roentgenographic findings in these cases shows certain 
characteristics that are common to all of the lesions, such as their central 
origin, abscess formation, and lack of sequestrum formation. It is 
interesting to note, however, that the reaction of the surrounding bony 
tissues to the abscess varies considerably in different regions of the shaft. 
In the metaphyseal portion of the bone, illustrated by Cases 3 and 5 
(Figs. 7 and 13), we find little or no reaction to the bone abscess, either on 
the part of the periosteum or of the adjacent bone lamellae; whereas, in 
the diaphyseal portion of the shaft, the periosteal and lamellar reaction 
about the tuberculous focus is very marked. Again, where the lesions are 
located in the metaphyses, there is no apparent expansion of the bone; 
while in the diaphysis local expansion of the shaft is one of the outstanding 
x-ray features of tuberculosis. This characteristic local expansion of the 
bone helps to differentiate the lesion from Brodie’s abscess and from simple 
bone cyst, while giant-cell tumor may be ruled out on the basis of its rare 
occurrence in the mid-portion of long bones. 

A study of the roentgenograms of Case 1 (Figs. 1 and 2) affords a 
clue concerning the development of tuberculous lesions in the mid-shaft 
of bones. In this case, successive x-rays were taken over a period of two 
years and the complete evolution of the tuberculous foci from their origin 
to their radical removal and cure by surgery can be observed. It will be 
seen that in the early stages (Fig. 1) there is a marked periosteal prolifera- 
tion about the entire shaft of the ulna, most marked, however, at the two 
points where central disease of the bone is located. This x-ray appear- 
ance closely resembles syphilis, so closely, in fact, that the diagnosis of 
syphilis was made and maintained in this case until repeated negative 
Wassermann tests, plus the failure of antiluetic therapy, and a positive 
pathological diagnosis of tuberculosis excluded it. 

As time went on, it is apparent that these central bone lesions became 
more clearly defined and walled off as distinct abscesses, and that, hand 
in hand with this development, the periosteal proliferation subsided and 
remained localized only at the sites of the two lesions. Following this 
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stage, lateral expansion of the shaft undoubtedly progressed, with a 
gradual thinning of the cortical layers, until the abscess perforated its 
bony shell and extended beyond into the soft tissues. 

In Case 1, we are fortunate in seeing the disease in its earlier roentgeno- 
graphic manifestations; in Cases 2, 4, and 6, we observe the tuberculous 
foci in the later stages, when they are about to perforate their bony shells 
or have already perforated them. We are not able to state with certainty 
what earlier examinations of these latter three cases would have shown, 
but it is not unlikely that the picture would have been very similar to that 
seen in Case 1, just described. 

When we look at tuberculous lesions in the metaphysis of bone, as 
illustrated by Cases 3 and 5 (Figs. 7 and 13), we see an entirely different 
x-ray picture. Here we have little or no periosteal reaction, no prolifera- 
tion of the bone lamellae, no expansion of the shaft, and no suggestion of 
sequestra. 

Special attention should be called to the x-ray appearance of Case 4 
(Fig. 10), which closely resembles chronic pyogenic osteomyelitis. The 
bone lesion in this case was complicated by a sinus, and secondary infec- 
tion was present at the time of operation. This fact may have altered the 
x-ray picture considerably, but it is clearly evident that the tuberculous 
foci here did not become encysted, as is usually the case, but spread up 
and down the medullary canal, infiltrating the bone extensively as they 
progressed. Pathologically speaking, this represents the infiltrating 
type of tuberculous lesion in the shaft of bone, and the roentgenogram 
(Fig. 10) shows it beautifully. 

In summing up, we may say that tuberculosis of the shaft of long 
bones shows various manifestations by x-ray that differ according to: 
(1) the stage of the disease, (2) the region of the shaft involved, and (3) 
the resistance and ability of the bone elements to wall off the invading 
tuberculous focus. 


Treatment: 


All of the cases in this series were treated by subperiosteal excision of 
the local lesions with careful and thorough removal of all suspicious 
tuberculous tissue. The operative wounds of all of the cases, except one, 
were sutured tightly without drainage. In Case 4, since there was a 
sinus with secondary infection at the time of operation, the wound was 
packed with sterile vaselin gauze postoperatively, and a plaster cast 
applied to the arm after the method of Orr. The wound was dressed 
every two weeks, and healed completely in seven months’ time. 

This subperiosteal-excision treatment resulted in complete cure of 
five out of the six cases in this series, as shown by sustained healing of the 
operative wounds and by subsequent roentgenographic examination of 
the affected bones. Case 6 has not been heard from since discharge 
from the Hospital and, therefore, the end result in this case cannot be 
recorded. 
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SUMMARY 
Six cases of tuberculosis of the shaft of bone in Chinese patients are 
reported with a discussion of the clinical, pathological, and roentgeno- 
graphic characteristics. 
Treatment of the disease by subperiosteal excision of the bone ab- 
scesses resulted in complete cure in all of the cases, except in one in which 
no end result was obtained. 
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OBSERVATIONS ON TORSION OF THE FEMUR * 


BY S. PERRY ROGERS, M.D., SAN JUAN, PORTO RICO 


Virgil P, Gibney Memorial Fellow at the Hospital for Ruptured and Crippled, 
New York City 


In a previous publication® the author described a simple but accurate 
method for determining the angle of torsion of the neck of the femur by 
fluoroscopic examination. <A prior publication, unknown to the author at 
that time, had been made by Stewart and Karshner °, describing a method 
similar in principle though not so simple in operation, and applied by them 
only to cases of congenital dislocation of the hip. 

This report is based upon examinations, by the author’s method, of a 
large group of normal children and of a smaller group affected by disease 
or deformity of one or both lower extremities. 

Briefly, the technique of examination is as follows: The subject is 
placed face downward on the fluoroscopic table and the tube centered 
beneath the hip. The extremities are moderately abducted and the leg is 
flexed ninety degrees. With the tube lighted, the femur is externally 
rotated by pushing the flexed leg toward the opposite knee until the 
shadow of the head and neck of the femur appear in a line with the shaft. 
The angle between the flexed leg and the table then equals the angle of 
torsion of the neck. The author uses as a goniometer a two-foot, folding 
carpenter’s rule with a perimeter in the central joint. The method has 
been proven accurate within five degrees and applicable to any hip, in 
joint or out, which allows of a moderate degree of rotation and which has a 
head and neck roentgenographically visible. 


NORMAL FEMORA 


Both hips were examined in ninety-nine children with presumably 
normal lower extremities. Nine anatomical specimens obtained from 
foetuses and infants below the age of calcification of the capital epiphysis 
were measured by the method of Pearson and Bell*. The results are 
shown in Table I and Graph 1. They show an average individual varia- 
tion in each age group of twenty-two degrees and a variation in the entire 
series of seventy-five degrees. In no normal individual, however, was 
there a variation of more than six degrees on the two sides. No important 
difference in the sexes was demonstrable. The most striking feature 
shown is the rapid increase in torsion up to the age at which weight- 
bearing commences, and its gradual decrease from then until puberty, 
when it levels off at about the degree recognized as normal for adults. 


ABNORMAL FEMORA 


Twenty-nine cases of unilateral abnormality and six cases of bilateral 


* Received for publication July 23, 1933. 
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TABLE |! 
Torsion IN NORMAL FeMorA—106 Cases 


Age No. of Range Average 
Cases ( Degrees) (Degrees) 
Foetal 5 —1I8to 15 —2 
Birth-6 months 1 22 
6 months-1 year 2 42 to 57 49 
1-2 vears 7 15 to 55 39 
2-3 years 3 33 to 47 39 
3-4 vears 6 15 to 43 27 
4-5 years q 17 to 33 28 
5-6 years 7 18 to 35 25 
| 6-7 years 5 8 to 28 17 
7-8 years 10 12 to 28 22 
8-9 years 17 8 to 31 17 
9-10 years 8 16 to 33 21 
10-11 vears 13 8 to 38 20 
11-12 years 16 4 to 22 16 
12-13 vears 1 16 
13-14 vears 1 16 


abnormality are presented in Table I]. They are arranged by age and not 
by diagnosis, in order to show the normal age variation in the unaffected 
extremities and because the cause of disability apparently does not matter. 
With one exception (J. T., aged six years, five months) they show that any 
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TABLE II-A 
TorSION IN UNILATERAL ABNORMALITIES 


Age Torsion (Degrees) 

Name Years Months Diagnosis Normal Affected 
R. H. | 0 Poliomyelitis, right lower extremity, 3 months’ duration. 30 45 
J. M. 1 5 Osteomyelitis, left femur, ? duration. 44 54 
N. S. ] 6 Congenital dislocation of left hip. 50 64 
B. K. l 9 Congenital dislocation of left hip. 50 62 
B:. BD. | 10 Congenital dislocation of left hip. 43 60 
i 3 2 5 Poliomyelitis, left lower extremity, 15 months’ duration. 23 44 
6 Poliomyelitis, left lower extremity, 19 months’ duration. 20 55 
G. W. 3 2 Congenital dislocation of right hip. 45 52 
| ae tA 3 5 Poliomyelitis, right lower extremity, 16 months’ dura- 

tion. 34 47 
M. R. 3 5 Poliomyelitis, left lower extremity, 15 months’ duration. — 14 28 
5. S. 3 6 Congenital dislocation of left hip. 20 50 
M. D. 3 6 Poliomyelitis, right lower extremity, 19 months’ dura- 

tion. 48 60 
B. B. 4 Healed fracture of right femur. 42 35 
C. F. 4 5 Poliomyelitis, right lower extremity, 26 months’ dura- 

tion. 22 40 
r. G. 4 6 Congenital dislocation of right hip, open correction 10 

weeks before. 30 40 
G. C. 5 10 = Old infection of right hip, pneumonia at 9 months. 7 60 
é.. B. 6 Furunculosis, right lower extremity, ? duration. 28 38 
M. B. 6 Old cervical fracture, neck of right femur. 30 17 
; 6 5 Osteomyelitis, left tibia, 5 months’ duration. 18 13 
S. F. 6 11 Poliomyelitis, left lower extremity, 16 months’ duration. — 18 36 
W. S. 7 Osteomyelitis, right femur, ? duration. 15 20 
H. L. 7 10 Poliomyelitis, right lower extremity, 19 months’ dura- 

tion. 30 40 
E. M. 8 Coxa vara, unknown etiology. 25 10 
J. G. S 4 Osteomyelitis, right tibia, 8 months’ duration. 20 42 
J. F. 9 10 Osteomyelitis, right tibia, 2! months’ duration. 20 38 
™ #. 9 10. Suppurative arthritis, left knee, 7 years’ duration. 32 66 
D. M. 11 0 Brodie’s abscess, right tibia. 15 25 
S. F. 11 4 Slipped femoral epiphysis, right. 22 5 
eS 13 1 Osteomyelitis, right tibia, 2 years’ duration. 18 34 


TABLE II-B 
TORSION IN BILATERAL ABNORMALITIES 


Torsion (Degrees) 


Age 

Name Years Months Diagnosis Left Right 
D. B. 1 8 Congenital dislocation both hips. 85 85 
J. BD. 2 0 Double club foot, walking 1 month. 30 30 
A. C. 5 Poliomyelitis, both lower extremities, 15 months’ dura- 

tion. 48 48 
G. M. 9 7 Congenital dislocation both hips. 50 50 
M. G. 13 6 Bilateral slipped femoral epiphyses. 0 —15 
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disability causing cessation or diminution of function in a growing extrem- 
ity is accompanied by an increase in torsion of the femur. In slipped 
epiphyses the dislocation of the head backward produces what amounts to 
a retroversion, or decrease in torsion, in so far as the extremity is con- 
cerned. The case of old cervical fracture shows the same retroversion. 
The case of healed fracture of the shaft simply demonstrates a slight 
rotatory deformity in a fracture in which position and alignment were 
considered excellent. 
NATURE OF TORSION 


The terms “torsion of the neck”’ and ‘‘anteversion of the neck’’ are 
misnomers. The greater part of the twisting occurs below the neck, and 


Fic. 1 Fig. 2 
Tracing of roentgenogram, Tracing of roentgenogram, showing true 
showing true  postero-anterior lateral views of both necks with torsion elimi- 
views of both necks with torsion nated. 


eliminated. 


is probably distributed throughout the shaft. Roentgenograms taken 
with torsion corrected demonstrate this. Figure 1 shows what the author 
chooses to call a true postero-anterior view of both necks, made by inter- 
nally rotating each femur the number of degrees previously determined as 
its torsion. Figure 2 shows a true lateral view of both necks, similar to a 
“vertical projection’’, but made in this case by rotating each femur out- 
ward ninety degrees from the positions used in Figure 1. Such roentgeno- 
grams, taken of hips with an actual difference of as much as sixty degrees 
in torsion on the two sides, show the outlines of head and neck and the 
positions of the trochanters practically identical. 


RELATION OF TORSION TO INCLINATION 


No term has ever been used more loosely than “‘coxa valga”’. The 
routine roentgenogram made with patellae forward and without regard to 
torsion, frequently shows an increased angulation of the neck with the 
shaft, the greater part of which is usually due to torsion. The illustra- 
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tions accompanying the recent study of the muscular involvement in 
paralytic dislocation of the hip by Elzinga and Key ! show several extreme 
cases of torsion, identical with paralytic cases in this series, labeled simply 
coxa valga. The term can be correctly used to designate this condition 
only if it is clearly realized that it includes changes in both torsion and 
inclination, of which the former are the more important. 

The actual angle of inclination of the neck with the shaft of the femur 

‘an be measured in the living subject by means of x-rays taken with tor- 
sion eliminated, as in Figure 1. Such measurements were made in a 
small series as a part of this study. They showed actual increases in 
deviation of seven to twelve degrees regularly accompanying increases in 
torsion of fifteen to forty-five degrees. Increases in inclination are always 
moderate, while increases in torsion may be extreme; so that the more 
extreme the coxa valga apparent in the ordinary roentgenogram, the 
greater is the proportion of this appearance due to torsion. Concomitant 
increase in both angles is the rule. Occasionally a case of long-standing 
dislocation of the hip is met with, in which extreme anteversion is accom- 
panied by actual decrease in inclination. Ordinary x-rays in these cases 
still show “coxa valga”’ 
INTERPRETATION OF RESULTS 

Explanation of the variability of torsion of the femur in different 
species of vertebrates, in different races of man, and in succeeding age 
groups of man, is difficult. The exhaustive studies of Pearson and Bell 4 
show slightly greater torsion in the more civilized races of man, but offer 
no real anthropological clue. The small group of foetal anatomical 
specimens included here indicate that the high torsion in the year-old 
infant is not a heritage from prenatal life. 

The author’s studies demonstrate, first, that bone is a living tissue, 
responsive to the stimulus of function. An increase of eighteen degrees in 
the torsion of a femur, two and one-half months after the onset of an 
osteomyelitis of the lower end of the tibia, shows that this response may be 
rapid. In general, the longer the duration of the disability and the 
younger the individual at its onset, the greater will be the increase in 
torsion. 

The character of the response of the femur to the stimulus of function 
is clear. The age variation and the behavior under functional stresses 
both indicate that torsion and inclination are inversely proportional to 
function. The reason for such change is not so clear. Increase in inclina- 
tion with cessation of weight-bearing is easy to understand, but as to why 
torsion increases even more rapidly under these circumstances the author 
has no explanation. 

Torsion has received serious consideration in relation to congenital 
dislocation of the hip. Fairbank? stressed the importance of anteversion 
in his anatomical studies, and the important references on the subject are 
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listed by him. Krida* and others perform osteoclases or osteotomies after 
reduction in many cases. As to etiology, the author’s figures would in- 
dicate that anteversion is the result and not the cause of dislocation, and 
that the cause is that common to other instances of anteversion,—loss of 
function. Several cases of moderate anteversion have been followed after 
reduction and seen to approach the torsion of the opposite femur when 
walking was resumed. In judging the severity of the anteversion in a 
dislocated hip, it is well to consider the normal age ratio, and better still to 
measure the torsion on both sides. 

In slipped femoral epiphyses the dislocation is backward and down- 
ward, usually more backward than downward. The effect is that of re- 
duction of both torsion and inclination, except that the shift occurs at one 
point instead of being distributed. The cause is increase in function, 
beyond the strength of the part. Thus the conditions form an interesting 
corollary to the hypothesis that increased inclination and torsion are due 
to diminished function. At anyrate,thismuch may be granted,—that the 
increase in torsion and inclination consequent upon rest is an important 
factor in the improvement of these cases under any sort of treatment. 

One more use has been found for the accurate determination of torsion 
and inclination. In attempting to drill the neck of the femur without 
complete surgical exposure, an accurate knowledge of the angles in the 
particular femur involved is much more valuable than simply a knowledge 
of the average normal angles in adults. In slipped epiphyses, Perthes’ 
disease, united fractures of the neck, etc., the author’s method is ap- 
plicable, of course, only where continuity of the parts will permit the 
manipulations necessary for the examination. 
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TREATMENT OF OSGOOD-SCHLATTER DISEASE WITH DRILL 
CHANNELS * 


BY E. J. BOZSAN, M.D., AND THOMAS J. O’KANE, M.D., 
NEW YORK, N. Y. 


From the Division of Skeletal Surgery, Morrisania City Hospital, New York 


It is well known that a large majority of cases of Osgood-Schlatter 
disease either require no treatment whatever or respond favorably to 
conservative measures. However, the opinion is expressed frequently 
that there is a certain, if very small, percentage of cases that call for some 
form of operative treatment. Operations ranging from the simple bone- 
splitting incision' to bone grafting? and removal of the diseased areas? 
have been devised. 

The present-day conception of the disease, as it has become differen- 
tiated since the original publications of Osgood ‘ and Schlatter®, separates 
the traumatic avulsion of the tibial tubercle and the cases of bone forma- 
tion in the patella tendon, later described, from this distinctly chronic 
process. 

Irrespective of the etiological relationship of the two groups, we are 
at this time concerned only with the chronic cases, not manifestly trau- 
matic, which correspond to those described by Schlatter and those 
classified as Group 2 in the description of Osgood. 

Following the line of thought that prompted one of us to recommend 
drill channels for treatment of the Legg-Calvé-Perthes disease and of 
intracapsular fractures of the neck of the femur®, we have applied this 
simple procedure to cases of Osgood-Schlatter disease, with the expectation 
that the fresh blood supply conducted to the diseased areas of bone would 
improve the condition,—that is, facilitate and so hasten the process of 
natural repair. 

The technique is simple. A small incision or stab wound is made over 
the affected tibial tubercle and one or two channels are drilled through 
the diseased area, indicated on the roentgenogram, into the cancellous 
upper end of the tibia. Immobilization in plaster-of-Paris seems un- 
necessary. Patients are allowed to walk as soon as they are able to 
do so without pain. 

During the year 1932, six cases have been treated in this manner with 
gratifyingly prompt results. The clinical symptoms have subsided 
within three or four weeks and complete bony restoration has been 
demonstrable by x-ray examination as early as seven weeks after opera- 
tion. During this time pain and swelling bave disappeared; the patients 
have regained their confidence in the extremity; and have been able to 
bear weight in a squatting position. 

* Read before the Clinical Society of the Hospital for Joint Diseases, New York 
February 7, 1933. 
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CASE HISTORIES 


Case | (Figs. 1,2, and 3). B.S., girl, eleven years of age (No. 29529), was admitted 
to the hospital January 13, 1932. Symptoms of pain and tenderness had been present 
for six months. Roentgenogram taken the following day (Fig. 1) revealed the tubercle 
fragmented and considerably absorbed. Drilling operation was performed on February 
1, 1932. On withdrawal of the drill, a large drop of mucilaginous material issued out of 
the hole under some pressure. Cultures of this and bone chips were negative. Due 
to the fact that this patient had to be placed in a plaster spica on account of a coexisting 
process in the hip joint, the earliest postoperative roentgenogram could not be taken 
until May 7, 1932 (Fig. 2). This indicated complete restoration of the tibial tubercle, 
and a follow-up picture July 5, 
1932, (Fig. 3) showed tip fused 
with main body of the tibia. 

Cask 2 (Figs. 4, 5, 6, and 
7). E. Q., boy, aged fifteen 
vears (No. 28026), had been 
treated in the Out-Patient 
Department since the fall of 
1931. Symptoms had been 
present with varying intensity 
for the last fourteen months. 
Roentgenogram December 7, 
1931, (Fig. 4) showed the tuber- 
cle fragmented and its tip ab- 
sorbed. Patient refused opera- 
tion but returned in the spring 
of 1932 on account of exacerba- 
tion of symptoms. X-ray (Fig. 
5) April 26, 1932, revealed iden- 


| tical condition as four and one- 
half months before. Drilling 
7 operation was done on May 6, 


1932, and the limb immobilized 
| for two weeks. Patient was 
: | discharged May 30, 1932. 
When he reported to the clinic 
about eight weeks after opera- 
tion, July 1, 1932, the roent- 
genogram (lig. 6) revealed the 
f previously absorbed tip of the 
Fia. 4 tibial tubercle restored. All 
clinical symptoms were absent 
and the patient had full use of 
the limb. He did not report 
again until March 20, 1933, on which occasion the x-ray (Fig. 7) revealed complete resto- 
ration of the tibial tubercle and union of the small fragments with the main body of the 
tubercle, with only a small hiatus indicating the upper border of the small fragment. He 
was completely free of symptoms. 

Case 3 (Figs. 8,9, 10,and 11). J. R., boy, fourteen years old (No. 31847). Symp- 
toms had been present for five months previous to admission. X-ray September 8, 1932, 
revealed the tip of the right tibial tubercle absorbed. Operation was performed Septem- 
ber 19, 1932, and patient was discharged two days after operation with plaster-of-Paris 
bandage which he wore for a period of two weeks. About eight weeks after operation 


Case 2. Roentgenogram taken December 7, 1931. 
Tibial tubercle fragmented and tip absorbed. 
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Fic. 8 


Case 3. Roentgenogram taken Sep- 
tember 8, 1932. Tip of tubercle 
absorbed. 


Fie. 10 


Case 3. taken De- 
cember 3, 1932. mplete restoration. 


Fia. 9 


Case 3. Roentgenogram taken Nov- 
ember 1, 1932, six weeks after opera- 
tion. New bone formation beginning. 


2 


Fie. 11 


Case 3. Roentgenogram taken Jan- 
uary 12, 1933. Complete restoration, 
firm union. 
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Fig. 13 


Case 4. Roentgenogram taken De- 
cember 1, 1932, seven weeks after oper- 
Complete restoration. 


Fig. 12 


Case 4. Roentgenogram taken Oc- 
tober 14, 1932. Fragmentation and 
absorption of the tubercle. ation. 


Fia. 14 Fig. 15 
Case 5. Roentgenogram taken De- Case 5. Roentgenogram taken Feb- 
cember 10, 1932. Tubercle fragmented ruary 25, 1933, ten weeks after opera- 
tion. Fragments united. Size of tu- 


and considerably absorbed. 
bercle considerably increased. 
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Fia. 16 17 
Case 6. Roentgenogram taken De- Case 6. Roentgenogram taken Feb- 
cember 10, 1932. Tubercle fragmented ruary 25, 1933, ten weeks after opera- 
and rarefied. tion. Fragments united and size of 


tibial tubercle considerably increased. 


the boy was entirely free from clinical symptoms. Roentgenogram November 1, 1932 
(Fig. 9) revealed bone formation at the site of the previously absorbed tip and apposition 
of new bone over the body of the tubercle. X-ray on December 3, 1932 (Fig. 10) showed 
tibial tubercle totally restored, as did another (Fig. 11) taken January 12, 1933. 

Case 4 (Figs. 12 and 13). W. P., boy, thirteen years of age (No. 32670), had had 
symptoms for eight months. Roentgenogram (Fig. 12) taken on October 14, 1932 
revealed fragmentation and absorption of right tibial tubercle. Operation was done on 
October 15, 1932, and patient was discharged October 17, 1932, without application of 
plaster-of-Paris. On December 1, 1932, patient was free of all symptoms, and an x-ray 
(Fig. 13) at this time, seven weeks after operation, revealed complete bony restoration 
of the tibial tubercle. 

Case 5 (Figs. 14 and 15). J. 8., boy, fifteen years old (No. 34838). Symptoms 
had been present on both sides for eight months. X-ray (Fig. 14) December 10, 1932, 
revealed diffuse absorption of the right tibial tubercle and a fracture at its base. Opera- 
tion was performed on December 19, 1932, and patient was discharged December 21, 1932, 
without any immobilization. On February 25, 1933, the patient was free of symptoms, 
and roentgenogram (Fig. 15) taken at this time revealed bony formation, increasing the 
size of the tibial tubercle, and union of fracture line. 

Case 6 (Figs. 16 and 17). Same patient as Case 5. X-ray (Fig. 16) December 10, 
1932, revealed left tibial tubercle fragmented. Operation was done the same day as 
that on the right side. When seen on February 25, 1933, the patient was free of symp- 
toms. Roentgenogram at this time (Fig. 17) revealed considerable restoration of the 
outline of the tibial tubercle and disappearance of the fragment. 


It is difficult to decide when to consider conservative measures in- 
adequate. The intensity of symptoms, the ensuing disability, and the 
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period of recovery vary so widely that it seems futile to try to establish an 

average picture of the disease. Schlatter’s observation that the older the 

child, the better are the chances of spontaneous recovery is of little help 

in the great number of cases between the ages of eleven and fourteen. 
Osgood speaks of “severe handicap and long continued serious annoy- 

ance’’, Schlatter of “recurrent attacks of pain over a long period of time”’. 

Campbell’? mentions instances in which one or more years elapse before 

the symptoms entirely subside. 

We wish to emphasize that these are the cases, and these only, for 
which this simple operative procedure is recommended. 
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THE EFFECTS OF IMMOBILIZATION ON NORMAL BONE 


BY FRANCIS M. CONWAY, M.D., AND JOHN G. STUBENBORD, 3D, M.D., 
DOUGLASTON, NEW YORK 


At the present time there is, at best, a vague knowledge concerning 
the effect of immobilization on the growth of healthy, uninjured bone. 
According to Wolff’s law, ‘‘ All changes in the function of a bone are at- 
tended by definite alteration in their internal structure’’, one would expect 
atrophy of the part through disuse. 

As we thought over the problem the following question presented 
itself: Would normal, healthy, uninjured bone show signs of atrophy of 
disuse as demonstrated in a roentgenogram? 


Method 

Because of convenience we selected the wrist. Immobilization of 
the wrist and the forearm was accomplished by the use of plaster-of-Paris 
splints. Anterior and posterior splints were used and were held in place 
with a bandage. Immobilization of the knee joint was carried out in one 
case by a posterior plaster-of-Paris splint. 

We tried to immobilize the wrist for two weeks; for, during a cor- 
responding length of time, marked atrophic changes are seen in the roent- 
genograms of a fractured bone following injury. As this period was not 
possible in all the cases, however, the length of immobilization ranged 
from seven to twenty-four days. 

Roentgenograms were taken of both the right and left wrists and 
forearms for comparison; anterior, posterior, and lateral views were taken. 
Splints were applied to the left wrist only. After the period of immobili- 
zation the splints were removed and roentgenograms were again taken of 
both wrists. The plates were read and compared with the corresponding 


plates previously taken. 


Report of Cases 
The following factors were considered of importance as influencing 
the anatomy and histology of bone,—namely, sex, age, general physical 


habitus, occupation of patient. 
Our findings in the twelve cases considered are shown in Table I. 


Results 
The late Dr. Webster W. Belden, Director of the Roentgenology 
Department, New York Hospital, who was interested in this problem and 
who read the plates, stated that, ‘‘The x-ray film showed no evidence of 
bony changes”’. 
298 
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This is entirely different from the changes which take place in bone, in 
the presence of injury, as seen by roentgenograms, within a period of ten 
to fourteen days. The process causing these changes is called ‘“osteo- 


porosis”’ and is caused by the absorption of the lime salts. From a 
roentgenographic standpoint these changes are in evidence as: 


1. Decrease in the density of the bone, 
2. Thinning of the cortex of the bone, 
3. Apparent widening of the medullary canal. 


The reason for the decalcification of the bone is not thoroughly under- 
stood, but is believed to be due to a change in the metabolism of the bone 
resulting from the injury, because of interference with the circulation. 


Comment 

1. The selection of the cases was difficult and in part accounts for 
the small number observed. Because of the rapid turnover on our Surgi- 
cal Service, few patients are kept in the hospital over two weeks. Thus 
the number of available patients, from whom we could select our cases, 
was greatly limited. Moreover, we did not feel justified in adding another 
hardship to the already sick, but convalescent, patient in an abdominal 
surgical case. 

Patients suffering from general constitutional diseases were un- 
suitable. In cachectic diseases in which there is anaemia, asin carcinoma, 
in pernicious anaemia, or in general chronic constitutional diseases, such as 
tuberculosis, atrophic changes through disuse can be identified by x-ray 
after a short period. The changes are less marked in degree than those 
fcund in injured bone, but they are generalized, involving all the bones; 
whereas, in an injured bone the atrophy through disuse in the presence of 
injury is local, but quite marked. 

This meant that only healthy patients were suitable cases. There 
were two distinct classes: those who were compelled to stay in the 
hospital through accidental injury, and those who had some definite 
complaint of short duration but whose general health was excellent. 

2. There was no control over the diet. The postoperative routine 
schedule was followed in all cases. No regulation of milk intake was 
observed. 

3. The blood-calcium content was not investigated, because blood- 
calcium determinations alone are of little value and are not an index of the 
‘alcium metabolism and changes taking place in bones. The blood- 
calcium level is constant except in thyroid or parathyroid disease, in 
which conditions calcium is excreted above normal, and cases of this 
character have been excluded from this series. One would not ex- 
pect calcium changes in fractured bones, due to the fact that the blood- 
calcium level remains constant. There may be a predisposition to 
decalcification of bone, or it may be the result of disease. 
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4. Unsuitable cases were those of: 


Asthma 
2. Bone diseases 
Osteitis fibrosa cystica 
Osteitis deformans 
Osteomalacia 
Osteomyelitis 
Bone cysts 
Giant-cell tumor 
8. Chronic constitutional diseases 
Carcinoma 
Chronic suppurative processes exclusive of bony sites 


Pernicious anaemia 
Sickle-cell anaemia 
Tuberculosis 


4. Diseases in which there are circulatory disturbances . 
Buerger’s disease or endarteritis obliterans 
Diabetes 
Raynaud's disease 

5. Chronic hyperthyroidism (Aub) 

6. Parathyroid disease 

7. Pregnancy. 


5. We tried to minimize variables associated with the taking of the 
roentgenograms, and the same machine was used, when possible. The 
voltage, spark gap, time exposure, were all constant. The distance 
between the part and the tube was measured exactly for each film and the 
same technician took all the films. 


Conclusion 


In the absence of injury, there are no signs of atrophy in normal, 
healthy bones through disuse per se during a period ranging up to three 
weeks, so far as may be observed from the roentgenograms. 


The authors wish to acknowledge the suggestions and advice given by Dr. Nelson 
W. Cornell in the preparation of this report. 
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FURTHER OBSERVATIONS ON THE ABDUCTION-TRACTION 
TREATMENT OF CONGENITAL DISLOCATION 
OF THE HIP* 


BY G. KENNETH COONSE, M.D., BOSTON, MASSACHUSETTS 
AND WILLIAM J. STEWART, M.D., COLUMBIA, MISSOURI 


From the Department of Orthopaedics, Crippled Children’s Service, University Hospitals 
Columbia, Missouri 


Prof. Vittorio Putti’s original article ' on the early treatment of con- 
genital dislocation of the hip by gradual abduction with a portable splint 
was first published in October 1929. In July 1931, a simple modification 
of Putti’s splint, combining traction with abduction, was reported by one 
of us (G. Kk. C.)?. Since this time some minor improvements have been 
made in the splint. Seven cases have been followed over a period of three 
and one-half years, and in three additional cases the patients are just 
starting treatment with the splint. Several of these patients are now 
discharged from active treatment, and a sufficient period of time has 
elapsed to get a rather good estimate of the end results to be expected 
from this type of treatment. 

It is the purpose of this paper to publish the results of these cases, with 
a discussion of the advantages and limitations of the method as they have 
appeared to date. 

The procedure that we have followed in using the splint has been to 
abduct the hip gradually on the splint until full abduction or even hyper- 
abduction is accomplished, and until the hip is reduced. In most cases, 


Fic. 1 
Improved splint now in use, with ratchet control of traction. 


* Received for publication August 14, 1933. 
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V. B., Nov. 10, 1930. Before treatment. 


was applied. 


V. B., March 23, 1931. 


Spontaneous reduction. 


7 


Skin traction of eight pounds 
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Fig. 8 


V. B., June 29, 1932. Splint removed. Well formed head, deep acetabulum. 


the head of the femur will drop readily into the acetabulum by the time the 
abduction has been completed. The reduction may be accomplished in 
a week or may take as long as six months, depending upon the individual 
case. The hips are left in the reduced hyperabducted position for ap- 
proximately twelve weeks before bringing them down to a straight posi- 
tion. This is done by dropping the splint a notch at a time, taking 
essentially the same length of time that it would take to abduct the legs, 
or even longer. Traction is used during the stage of abduction and is 
discontinued as soon as reduction has taken place. 

Occasionally, because of the extreme rotation of the head and neck 
of the femur, it will be necessary to do a closed reduction after abduction 
has been completed. This is exceedingly easy to do, as it is necessary 
only to get the patient anaesthetized and to gently roll the head of the 
femur into the acetabulum and maintain it in this position by plaster 
immobilization. 

Cases seen in early infancy present no particular problem, but in the 
later cases, where contractures of the soft parts have occurred, most of the 
difficulties common to any type of treatment have been encountered. 
Gradual abduction of the thighs will bring about relaxation of the con- 
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Fig. 9 


P. L., Jan. 14, 1932. Before treatment. 


P. L., Sept. 23, 


Fic. 10 
1932. Splint removed. Hips stable. No weight-bearing. 
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tracted adductors. Skin traction seems to produce more relaxation than 
simple abduction alone, but spontaneous reduction of a dislocated hip 
by means of abduction alone has occurred in this series. The normal 
contour of the capsule of the hip joint is essentially cylindrical, it being 
attached around the acetabulum proximally and around the neck of 
the femur distally. Prolonged upward riding of the head on the ilium 
produces a distortion of this essentially cylindrical design and causes the 
much described hour-glass constriction of the capsule. Traction aids 
in overcoming this distortion. In addition, traction causes less pressure 
to be put on the head of the femur during the time of treatment, and in 
this manner tends to minimize the trauma to the abnormal underdevel- 
oped head of the dislocated femur. 

Age is apparently no great barrier in the splint treatment, since sev- 
eral of our cases have been those of unilateral dislocations in children 
ranging from five to seven years of age. All of these have been success- 
fully reduced. 

SUMMARY 


A résumé of cases of congenitally dislocated hips treated by means of 
the abduction-traction splint is hereby presented as a supplement to the 
original report. The method of treatment has certain distinct advan- 
tages over other types of treatment: 

1. There is no trauma, as abduction takes place gradually over a 
long period of time, thus permitting gradual stretching of the soft parts. 

2. There is no danger of injury to the upper femoral epiphysis or to 
its blood supply. 

3. There is no scar-tissue formation or other fibrosis which accom- 
panies severe manipulations or open reductions and, consequently, there 
is less danger of limitation of motion after reduction has been accom- 
plished. 

4. If closed reduction is necessary, because of rotation of the head 
and neck of the femur, it is exceedingly easy to do if gradual abduction 
has taken place for several weeks. 

5. It is not necessary to hospitalize the child for long periods. 
Practically all of our patients have been treated at home. 

6. There is no difficulty due to pressure sores or skin irritations. 

7. Hips in children of six and seven years of age have been success- 
fully reduced, and almost perfect function has resulted. 

It is evident that the method will not succeed in all cases, but it is 
our conviction that it should be given a fair trial before resorting to other 
procedures. 

REFERENCES 


1. Purti, Virrorio: Early Treatment of Congenital Dislocation of the Hip. J. Bone 
and Joint Surg., XI, 798, Oct. 1929. 

2. Coonse, G. KeNNetTH: A Simple Modification of Putti’s Splint for the Early Treat- 
ment of Congenital Dislocation of the Hip. J. Bone and Joint Surg., XIII, 602, 
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OSTEOGENESIS IN CHRONIC PLEURISY 


BY SYDNEY M. CONE, M.D., F.A.C.S., PIKESVILLE, MARYLAND 


From the Pathological Laboratory of the Universtiy of Maryland 


That passive congestion and oedema stimulate bone formation has 


already been shown by the author in previous communications '. The ef- 
fect of fluid accumulated at and in the bone has been shown in cases of 
hypodermoclysis (Autopsies 1163, 1283, 1345), where the ribs were punc- : 


tured. A similar effect has been produced in experiments on guinea-pigs 
by puncturing the bone and injecting saline solution. 

New bone formation on the pleural side of the rib has also been found 
in chronic pleurisy. In 1100 autopsies all the cases of chronic pleurisy, 
sixty in number, demonstrated osteogenesis at the rib. At autopsy there 
was evidence of swelling of periosteum and cortical bone, as in three acute 
cases of hypodermoclysis. The same condition was evident at autopsy 
following experimental injection of salt solution into bone in animals. 
The lacunae and bone cells were enlarged and in many cases the nuclei of 
the bone cells were dividing. The lamellae were widened and inter- 

lamellar spaces were evi- 
dent. 

In the chronic cases, 
where fibrin and connec- 
tive tissue with new con- 
gested blood vessels are 
adherent to the thickened 
periosteum of the rib, new 
bone is seen in the form of 
irregular osteophytes 
(nodules) or regular lam- 
ellated bone containing 
haversian canals (Fig. 1). 
This bone is usually found 
along the surface of the 
rib. Sometimes it is seen 
in the pleural adhesions. 

In one case (Autopsy 
1549) described by Stein’, 
bone growths were found 
in the surrounding adhe- 
sions as well as at the rib. 

The author has writ- 
ten of bone formed around 
the rib in syphilis, refer- 


Fia. 1 


Autopsy Specimen 1832. Rib showing new peri- 
osteal bone at pleura. 
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ring to similar formations in chronic pleurisy *. However, in pleurisy 
the new bone is confined to the pleural aspect of the rib. 
CONCLUSIONS 
Inasmuch as the cases of acute pleurisy with serous effusion, the cases 
of hypodermoclysis, and experiments with saline injection into cortical 
bone and periosteum present swelling of periosteum and bone with en- 
largement of lacunae and interlamellar spaces and activity of the bone cells 
and periosteal cells, the writer judges these to be a preliminary step to the 
formation of new bone. The bone is softened, calcium salts are carried 
into surface-degenerating tissues, and the modified, slowed, congested 
circulation stimulates the formation of new bone. 
REFERENCES 
1. Cone, SypNey M.: Bone Pathology in Its Relation to General Pathology. Am. J. 
Orthop. Surg., VI, 607, May 1909. 
The Pathology of Osteitis Deformans, Paget’s Disease. J. Bone 
and Joint Surg., IV, 751, Oct. 1922. 
Activities of Bone Cells. J. Bone and Joint Surg., VII, 894, 
Oct. 1925. 
Bone in Arteriosclerotie Extremities. Arch. Surg., XV, 542, 1927. 
Ossifying Hematoma. J. Bone and Joint Surg., X, 474, July 1928. 
2. Srer, H. M.: Cholesterol-Thorax in Tuberculosis (Cholesterol Pleurisy). Report 
of a Case. Arch. Int. Med., XLIX, 421, 1932. 
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SMALL BONE GRAFTS * 


BY W. S. KEITH, M.B., TORONTO, CANADA 
From the Department of Surgery, The University of Chicago 


Since the operation of bone grafting became a common procedure, 
surgeons have occasionally been tempted for various reasons to cut their 
grafts into pieces or chips. Sometimes even bone powder or bone dust has 
been used. A number of operations of this nature have been done on 
experimental animals, with varying results. Macewen! transplanted 
homogenous grafts of this type into bony defects in young dogs, and 
found that the mass of bone chips without any periosteum produced a 
large callous mass bet ween the ends of the fragments and, later, solid bony 
union. Hey Groves? did autogenous transplantations of bone chips and 
ground living bone in adult cats, and found that there was very little pro- 
liferation of new bone from the fragments. The ground bone was ab- 
sorbed in a few weeks. Non-union invariably resulted. In recent years 
small fragments of bone have been used in some of the operations for 
spinal fusion. Either these have been obtained locally or they have been 
chipped from the tibia. Thus, and in the Hibbs type of fusion, many 
small grafts are created intentionally or otherwise. In other operations 
for fixation of joints, notably arthrodesis of the tarsal joints, small frag- 
ments of bone have been tucked into crevices between the bared bony 
surfaces. It was with a view to determining the fate of these small grafts 
that this investigation was carried out. 

The differences induced by fragmentation are best studied by making 
the fragments very small. In this way the supporting function of the 
graft is reduced to a minimum, but better coaptation with bones or frag- 
ments to be fused is obtained. The survival of osteogenic cells, provided 
they are undamaged in the fragmenting process, should be at the maximum 
because of increased accessibility of tissue fluids; and the rapidity of ab- 
sorption of necrotic bone should be great. When the graft is not needed 
immediately for supporting function, there may be an advantage derived 
from fragmentation. 

EXPERIMENTS 

Dogs, which have been classed as young, immature, adult, or old, were 
used throughout these experiments. The right radius was operated on 
and the limb immobilized in a plaster cast during the period of healing. 
Sixteen experiments are reported, in all of which there was healing without 
infection. 

In Experiments 1 to 10 shavings of living bone were replaced between 


* This work was done under a grant from the Douglas Smith Foundation for Medical 
Research. 
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and around the ends 
of the fragments. 
In Experiments 1 to 
7 the operations 
were carried out as 
follows: Part of the 
shaft of the radius 
was exposed through 
a longitudinal inci- 
sion and the soft tis- 
sues were dissected 
from the bone on all 
sides, leaving the per- 
iosteum intact. 
The interosseous lig- 


ament was divided 
over a distance of 
about one and one- 
half inches. The 
periosteum was in- 


cised about one- Fic. 10 
eighth to one-fourth 
EXPERIMENT 4. Living shavings of cortical bone replaced 


of an inch from the in defect of radius of young dog. 
proposed saw cuts Fig. 9. Roentgenogram ten days after operation. 
and reflected Fig. 10. Roentgenogram of specimen obtained forty-one 
days after operation. 
toward and beyond 
the sites of these saw cuts, so that one-fourth to one-half of an inch more 
of periosteum than of bone was removed in each case. The soft tissues 
were retracted, and from three-fourths to one and one-half inches of shaft 
was removed. The periosteum was removed from the excised bone and 
its surface was scraped with a knife. The bone, which at intervals was 
moistened with saline, was sawed in two longitudinally and the marrow 
and endosteum were curetted out. A small sterile metal plane and a vise 
were used to cut the bone into fine shavings. Only two very small slivers 
of bone were discarded in each case. The shavings were replaced in the 
gap between and around the ends of the fragments. The deep tissues 
were closed with catgut and the skin with silk. In Experiments 8 and 9 
the periosteum was removed from the excised fragment of bone, but the 
bone was not scraped and the marrow and endosteum were not curetted 
out. In Experiment 10 the fragment of bone was removed by sub- 
periosteal dissection. It was cut without removal of the marrow and 
endosteum and the shavings were replaced in the periosteal tube which 
was then closed. In Experiments 11 and 12 the operations were identical 
with those in Experiments 1 to 7, but the bone was boiled for ten minutes 
being cut into shavings. In Experiment 13 freezing for ten 
The fragment of bone 


before 
minutes in liquid air was substituted for boiling. 


| 
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Fic. 14 


was placed in saline in a brass cylinder and lowered into liquid air. There 

ras survival of some cells with new bone formation in this case, and similar 
results were obtained in another set of experiments to be reported later, in 
which carpal and tarsal bones were frozen for ten minutes. This finding 

yas a surprise. In Experiment 14 the bone was removed by subperios- 
teal dissection and was boiled for ten minutes; the shavings were re- 
placed in the periosteal tube. In Experiments 15 and 16 the bone was 
removed by subperiosteal dissection; the periosteum was closed without 
any bone being replaced. In these two latter experiments a few shavings 
of cortical bone were placed in the rectus muscle. Brief protocols are 
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Fic. 15 

EXPERIMENT 5. Shavings of living cortical bone replaced in defect of radius 
of an adult dog. 

Roentgenograms: Fig. 11, twenty days; Fig. 12, twenty-four days; Fig. 13, 
forty-one days; and Fig. 14, sixty-two days after operation. 

Shavings died and absorbed, with little new bone formed from them, as shown 
by gradual disappearance of its shadow with only incomplete replacement by 
that of the new bone. Microscopic examination showed remnants of shavings 
that had become necrotic and evidence of absorption of some of the new bone 
(A) that had been laid down (Fig. 15). 


given with the roentgenograms ineachexperiment. The x-ray appearance 
of the bone and bone shavings immediately after operation is shown in 
Experiment 15. 
DISCUSSION 

From the experiments on young and immature animals, the conclusion 
may be drawn that a large number of osteogenic cells survive, particularly 
around the periphery of the mass of shavings, and that this results in the 
formation of a considerable amount of new bone. In Experiments 2, 3, 
4, and 8, there has been an almost complete bridging of the gap by new 
bone in from twenty to thirty-five days. Should there still remain doubt 
in anyone’s mind as to the ability of young cortical bone to regenerate in 
the absence of periosteum and endosteum, Experiment 3 should remove 
that doubt. When the bone was boiled, as in Experiments 11 and 12, 
there was neither invasion of the mass of shavings by osteogenic cells 
from the ends of the fragments nor any evidence of metaplasia of sur- 
rounding connective-tissue cells to bone-forming cells. The osteogenic 
cell appears to be the same, whether found in cambium layer of perios- 
teum, endosteum, or scattered throughout the substance of the bone. 
In each of Experiments 2, 3, 4, and 8, it is noticeable that there is some 
degree of non-union of the mass of new bone with the end of the distal 
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Fig. 21 


Fig. 22 


EXPERIMENT 8. Shavings of living bone, composed of cortex and endosteum, 
replaced in defect of radius of immature dog. Periosteum removed. 

Roentgenograms: Fig. 20, twenty-six days; Fig. 21, fifty-seven days; and Fig. 22, 
210 days after operation. 


fragment. This is due to the more extensive necrosis of the end of this 
fragment, as compared with the end of the proximal fragment. At opera- 
tion it was sometimes noted that the end of the proximal fragment bled 
more than the end of the distal fragment. The bleeding was from the 
medulla of the bone chiefly. This feature of these experiments serves to 
emphasize the utmost importance of the blood supply of the graft and its 
bed. One of the cardinal principles of bone grafting is that great care 
should be taken in all operative procedures to disturb the blood supply of 
the fragments as little as possible and to make conditions as favorable as 
possible for the reestablishment of the circulation of the surface of the 
graft. The bridge of new bone having formed across the gap, the stimuli 
of slight weight-bearing and later full weight-bearing result in complete 
reconstitution of the shaft of the bone. 

Macewen ! claimed that a complete gap in the radius of dogs of the 
same ages as those used in these experiments was filled by new bone, 
resulting from the activity of osteogenic cells flowing out from the ends of 
fragments and from increased growth at the epiphyseal lines. In Experi- 
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Fig. 25 
EXPERIMENT 9. Shavings of living bone, composed of cortex and endosteum, 
replaced in defect of radius of immature dog. Periosteum removed. 
Fig. 23. Roentgenogram fifty-eight days after operation. 
Fig. 24. Roentgenogram of specimen 140 days after operation. 
Fig. 25. Photomicrograph of periphery of regenerated segment. Note the 
hyperplastic appearance of the cambium layer (F). 


the fragments and, as noted above, osteogenic activity is much retarded 
fi on the end of the distal fragment. In Experiments 3 and 8, there is no 
4 evidence that increased growth at the epiphyseal lines results in shortening 
of the gap. 


ments 1, 2, 11, and 12, there is very little new bone formation on the ends of 
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Fig. 31 


EXPERIMENT 12. Boiled cortical shavings replaced in defect of radius of 
young dog. 

Fig. 30. Roentgenogram of specimen thirty-one days after operation. 
Density of shavings already much reduced. 

Fig. 31. Microscopic section of shavings imbedded in connective tissue 
and undergoing absorption. No new bone in the defect. 


In adult animals, although there is some survival of osteogenic cells, 
new bone formation is slow and scanty. In these experiments a complete 
bridge was not formed in any case. The stimulus of weight-bearing not 
being available, absorption of living bone and of dead bone proceeds more 
as when bone is transplanted into soft tissues. Experiments 5, 6, and 7 
confirm those of Hey Groves *. When a solid bone graft is used and is 
mechanically fixed to the fragments, the stimulus of use, however slight 
that use may be, operates from the first. When bone shavings are used, 
the growth factor must operate more nearly alone, until there is a bridge 
of new bone across the gap. In adult animals this growth factor is insuffi- 
cient to produce the bridge. In a review of free-tissue transplantations, 
Phemister *, in discussing each type of tissue, refers to the favorable influ- 
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Fig. 36 


EXPERIMENT 14. Boiled bone shavings of a subperiosteally resected segment of 
radius in a young dog reinserted in the periosteal tube. Periosteum extensively 


damaged at distal end of gap. 


Fig. 36. Roentgenogram of specimen obtained twenty-three day s after operation. 
Periosteal new bone shown on distal end of proximal fragment and in course of defect, 


but slight at distal end. 


ence of function on the ultimate survival and growth of the transplant. 
The function of bone as a supporting tissue is almost completely destroyed 
by fragmenting it. Therefore, the general principle may be laid down 
that it is fallacious to fragment a bone graft more than is absolutely neces- 
sary for the purposes of the technique of the operation. The consequences 
of fragmentation of bone grafts are less serious in the young than in adults, 
because of the greater tendency in the former to grow and to form new 
bone. 

In much of the experimental work that has been done in the past, 
these marked differences in the behavior of grafts in young and adult 
animals have been partly masked by the fact that the grafts were large and 
the surface available for absorption was relatively small. As a conse- 
quence, whenever the choice of graft has been suitable and the technique 
of operation and subsequent fixation adequate, the results of bone grafting 
have been almost uniformly successful. Even in old animals, sufficient 
osteogenic cells have survived to initiate new bone formation and creeping 
substitution. The stimulus of function has then been added. The in- 
accessibility of the bulk of the graft to the absorptive process has pre- 
vented its rapid dissolution. 

From its position and its reaction to injury, there can be no doubt 
that the cambium layer is of importance in bone regeneration. In young 
animals the periosteum, as it is elevated from the bone at operation, is 
capable of regenerating the shaft of the bone. This was demonstrated by 
Syme ‘, Ollier °, Rhode *, Phemister ‘ and others. In one experiment re- 
ported by Macewen, regeneration in a young dog did not take place after 
this operation. In Experiments 15 and 16 there was bone regeneration, 
roughly, in proportion to the ages of the animals. When considering these 
results in connection with bone grafting, it must be remembered that in 
subperiosteal resection the periosteum and adherent cells have an intact 
blood supply, a condition which never obtains when bone is grafted. Bya 
study of the roentgenograms in Experiments 9 and 10, a further illustra- 
tion of the activity of periosteum may be obtained. 

In adult animals the periosteum, as elevated at operation, contains 
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Fig. 37 
Fig. 39 
EXPERIMENT 15. Subperiosteal resection of segment of shaft of radius of 
i voung dog. Living cortical shavings inserted into rectus abdominalis muscle. 


Fig. 37. Roentgenogram twenty-three days after operation. 
Fig. 38. Roentgenogram of specimen obtained forty-four days after operation. 


Fig. 39. Microscopic section of transplanted bone, showing much newly 
formed bone about pieces of necrotic shavings that were being absorbed. 
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Fig. 42 


EXPERIMENT 16. Subperiosteal resection of segment of radius in an almost 
mature dog. Living cortical shavings then transplanted into rectus abdomi- 
nalis muscle. 

Fig. 40. Roentgenogram seventeen days after operation. 

Fig. 41. Roentgenogram of specimen obtained thirty-eight days after 
operation. 

Fig. 42. Microscopic section showing new bone transplant to rectus, 
much less in amount than in Experiment 15, in which the dog was much 
younger. 
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few if any osteogenic elements. Rhode ® states ‘‘In our experiments on 
old animals we were never able to obtain bone regeneration from the 
periosteal tube’’. In connection with some other experimental work, ribs 
were removed from adult dogs by subperiosteal dissection on several 
occasions. There was never regeneration of a rib. In young dogs, how- 
ever, ribs were regenerated following the same operation. McWilliams ° 
usually found regeneration of ribs following subperiosteal resection of the 
bone. He does not give the ages of any of his experimental animals. 
The cambium layer of adult animals can be stimulated by trauma to 
proliferate, as has been shown by Ollier®, Hey Groves”, and Brooks*®. The 
latter suggested that in old patients, when a bone-grafting operation is 
contemplated, the periosteum in the region of the graft might be stimu- 
lated to proliferate by making saw cuts in the cortex of the bone about a 
week before transplantation. 

Phemister * has emphasized the fact that osteoconduction or migra- 
tion of osteogenic cells into the graft from adjacent fragments is limited. 
This fact is illustrated in Experiments 11, 12, 13, and 14. In no case has 
new bone formation spread more than about one-eighth of an inch, from 
its apparent source, in the direction of the long axis of the bone, though 
bone salts were available. In Experiment 14, where the distal part of the 
periosteum was badly damaged, there is no x-ray evidence of new bone 
formation in this region, although the more proximal periosteum appears 
to be laying down new bone. 

That metaplastic bone formation plays any part in the regeneration 
of bone grafts has never been proved. All the evidence derived from ex- 
periments with bone transplants points to the specificity of osteogenic cells 
in the new bone formation associated with bone grafting. In Experi- 
ments 11 and 12, where shavings were boiled, there is no sign of meta- 
plasia of connective-tissue cells to osteogenic cells, although these are 
young animals and sufficient time has elapsed for metaplastic bone to 
form. Huggins!’ has shown that, under the unusual stimulus of prolifer- 
ating transplanted bladder epithelium, a locomotive connective tissue—as 
rectus abdominus fascia—with which it has been placed in contact will 
regularly form bone. No such metaplasia takes place from simple trauma 
to locomotive connective tissue devoid of osteogenic elements. 


SUMMARY 


When small fragments of the bones of young dogs are used as auto- 
genous grafts, there is a considerable tendency to form new bone. New 
bone formation is very much less marked when the experiment is carried 
out on adult dogs. 

The tendency to proliferate and form new bone in these small grafts 
appears to be dependent upon the presence of living osteogenic cells in the 


grafts. 
Osteogenic cells in small numbers are distributed throughout the 
cortex of the graft, as well as in the cambium layer of periosteum and 
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endosteum, and they get sufficient nutrition to survive. Boiling for ten 
minutes kills these cells and prevents osteogenesis. 

The general principle is laid down that it is fallacious to fragment a 
bone graft more than is necessary for the technique of the operation, since 
minute fragmentation lowers both its supporting and its osteogenic 
functions. 

It is emphasized that the intact blood supply of the bed of the graft 
and the cambium layer of the periosteum are as important for regeneration 
as is the density of the graft for supportive purposes. There is no evi- 
dence in these experiments that metaplasia of other connective-tissue cells 
to bone-forming cells plays any part in the new bone formation associated 
with bone grafting. 
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A CRITICAL ESTIMATION OF THE PERSONAL INFLUENCE 
OF FOUR PIONEERS ON THE DEVELOPMENT OF 
ORTHOPAEDIC SURGERY IN NEW YORK 


BY ROYAL WHITMAN, M.D., NEW YORK, N. Y. 


In 1923, Dr. Newton M. Shaffer collected his more important papers 
in a volume entitled ‘‘Selected Essays on Orthopaedic Surgery”’'. One of 
these was an address read in 1898 before the National Conference of Chari- 
ties and Corrections on the Care of Crippled and Deformed Children, in 
which the following statement attracted my attention: “All, or nearly all, 
this advance in the use of modern methods of caring for the deformed poor 
may be traced to New York, and to the personal influence of four great 
men—viz., Dr. James Knight, the philanthropist and organizer; Dr. 
Charles Fayette Taylor, the mechanical genius and enthusiastic leader; 
Dr. Lewis A. Sayre, the impressive teacher and eminent author; and Dr. 
Henry G. Davis, who revolutionized the treatment of joint and spinal 
diseases, and whose originality and genius made him the father of Ameri- 
can orthopaedic surgery.”’ 

Dr. Shaffer had served as a professor in two medical schools, as sur- 
geon-in-chief to two hospitals, as an organizer and second president of 
the American Orthopaedic Association, and his intimate association with 
these pioneers entitled him to speak with authority. Yet his conclusion 

yas so at variance with my own impression, that it suggested a personal 
investigation. This paper may be considered, therefore, not as a con- 
tribution to conventional biography, but, rather, as a critical study of 
literary remains to determine the relative importance of what the essayist 
valls the personal influence of these men in their own day, and of the value 
of their contributions to modern methods, viewed from the vantage 
ground of a later generation. 
I. JAMES KNIGHT 

The first in the essayist’s order, James Knight, is naturally of especial 
interest to me as one of his successors. His portrait, which hangs in the 
reception room of the Hospital for the Ruptured and Crippled, represents 
an elderly man of kindly mien, wearing a brown wig, and holding in his 
hand his book entitled ‘‘Orthopaedia’’?. The painter was not an expert, 
nor was the sitter an especially favorable subject, but the result was evi- 
dently accepted as satisfactory by those directly concerned, and to me it 
has seemed to personify, in a sense, the quality of the man and the char- 
acter of his work. 

Dr. Knight’s introduction to orthopaedic surgery was by way of the 
treatment of hernia, for which he devised an effective truss. This, he 
states, ‘‘served as an incentive to the construction of appliances for the 
restoration of impaired powers of locomotion in children, laboring under 
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deformities both congenital and the sequelae of infantile paralysis. Other 
deformities resulting from constitutional impairment led to a careful 
study of the pathological conditions, such as caries of the spine terminat- 
ing in spinal or psoas abscess. These latter ailments were carefully con- 
sidered and a careful régime with proper sanitary regulations and condi- 
tions were found the primary requisition of proper treatment. Such 
conditions, we concluded, were only attainable in the highest degree in a 


hospital of proper construction. With this impression we introduced the 


initiatory efforts in our own dwelling”. This was in 1863, and, as Dr. 
Knight’s practice ‘‘had been confined to ailments of this character for 
twenty years’, he must have been in late maturity at the time. The 
scope of this practice, as represented in the ‘‘Orthopaedia’’, was evidently 
defined by the indications offered for bandaging and bracing, since it in- 
cluded hernia, varicose veins, hemorrhoids, procidentia uteri and ectopia 
vesicae. 

The model hospital constructed under his supervision in 1870 pro- 
vided the opportunity for development of the system which he had initi- 
ated. Here he lived with his family and assistants, giving his full time to 
the indoor and outdoor patients, and receiving a salary from which he 
accumulated a considerable estate. He treated private patients also, and 
turned the proceeds into the hospital funds, thus anticipating by many 
years recent developments of this character. 

The great majority of the indoor cases were of the tuberculous class, 
the so called synovitic diseases, and, as the patients remained in the hos- 
pital for indefinite periods of months or years, “‘ physical training and in- 
struction both religious and secular were part of the daily life of the pa- 
tient’’. Bodily activity was enforced. ‘‘No child able to hold up its 
head is ever kept in bed during the day, and all able to walk by pushing a 
chair before them have thus to exercise for a certain time, and those un- 
able to walk from pain and tenderness are supplied with rolling chairs.”’ 
“Even the most vigorous and robust constitution would inevitably be 
weakened and brought to a state of etiolation by long continued repose, 
and in a weak constitution the malady would be proportionately in- 
creased,”’ 

According to the author of the ‘‘Orthopaedia’’, ‘‘the subject matter 
may be considered as the varied and consolidated experience of many 
practitioners modified by our judgment’’, and, ‘‘although the work has 
been greatly condensed he trusts it will be perfectly comprehended by the 
readers”’. It is my impression, however, that Dr. Knight’s expositions 
serve rather to embellish the narrative than to indicate the principles 
which might guide a student in applying treatment. For example, he 
states that “tonic medicines do not act directly upon the physical or- 
ganization but slowly through the vital functions as excitants. A proper 
cohesion of living molecules in organized tissues is essential to the perform- 
ance of normal functions and a moderate augmentation of this vital co- 
hesion may give increased energy to the function. There are conditions 
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when tonics are inimical, when they may tend to increase depression by 
an exhausting influence, there being no latent power to incite into renewed 
action”. He concludes, therefore, ‘‘that the judicious use of tonics in the 
treatment of chronic disease can only be determined by a long career 
of vigilant observation in variously conditioned patients’? and that 
“this knowledge is obtainable only under the most favorable circum- 
stances’’, such, it may be inferred, as were only at the command of the 
author. 

Dr. Knight was an exponent of what he defined as “conservative, or 
expectant’, as contrasted with ‘‘adventurous”’ treatment, properly 
enforced hygiene, by regular and nutritious dietary, by mechanical ap- 
pliances to secure rest for an invaded joint but avoiding every grave sur- 
gical interference and employing every means that contribute to the 
strength, vitality and comfort of the patient”. 

Therapeutically he was less conservative. He administered mercury 
as a routine in ‘‘cachectic cases until the gums were affected”’. He ad- 
vised the direct local application of molasses or cod liver oil for ulcers of 
the cornea, and Spanish-fly blisters, sixteen square inches in area, for 
eight hours as a derivative in the acute stage of hip disease. 

Dr. Knight was primarily an exponent of ‘‘surgico-mechanics”’ and, 
according to the essayist, he had more than the ordinary versatility in 
adapting mechanical means to pathological ends. This is certainly : 
modest estimate of his ability in his chosen field. Furthermore, it is evi- 
dent that he was considered behind the times by the other members of the 
group, because he did not approve of the so called extension which “had 
revolutionized the treatment of joint and spinal disease’. He was, in- 
deed, so strongly opposed to it ‘“‘that he did not permit any treatment of 
this kind in the institution”. 

Dr. Knight appears to have been immune from criticism from any 
source. As the head of his household, he was in absolute control of every 
department. No trained nurses or skilled mechanics were employed, and 
with the money received from the city, from pay patients, and from con- 
tributions, the hospital was self-supporting. It may be inferred, there- 
fore, that the trustees were in full accord with a management that carried 
out the intentions of the incorporators and relieved them from all financial 
responsibility. He lived under what he considered ideal conditions for 
observation and treatment, and based his conclusions, therefore, on an 
experience far greater than could be attained elsewhere. Under his 
ministrations ‘‘seventy-five per cent. of the ordinary conditioned patients 
laboring under synovitie disease were restored to self-sustaining ability’’. 
And, in the outdoor department, treatment was provided for every cur- 
able variety of deformity, furnished free, or at a charge sufficient only to 
pay the cost of construction. 

The evidence at command supports the essayist’s statement that 
Knight was a philanthropist and a genuine friend of the crippled child. 
It is equally apparent that, in the natural exercise of these attributes, he 
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had prospered materially, socially, and professionally, and was passing his 
declining years in congenial surroundings, fully justified in what appears to 
have been complete self-satisfaction. Originally an obscure practitioner, 
he had become the head of an established institution which, although it 
supported the cumbersome title of the Hospital of the New York Society 
for the Relief of the Ruptured and Crippled, was popularly known as Dr. 
Knight’s Hospital, and properly so, for he made it. 

It is evident that the scope of Dr. Knight’s practice was defined by his 
own capacity and that it was adapted only to the conditions that he con- 
trolled. The essayist, writing in 1898, speaks of him as even then a neg- 
lected and unrecognized pioneer. And the hospital which he founded, 
over whose entrance he would have had ‘‘ Conservatism” engraved, which, 
according to the essayist, implied surgical nihilism, had already become a 
leading exponent of the adventurous treatment that he deplored. 


Il. Henry G. Davis 


Davis and Knight seem to have more in commonthan the other mem- 
bers of the group. They were of similar age and professional standing, of 
the same school of therapeutics, and equally opposed to operative inter- 
vention. Dr. Knight, when he “initiated his hospital in 1863 had con- 
fined his practice to ailments of this character for twenty years’? Dr. 
Davis’ book *, published in 1867, representing ‘‘thirty years’ investiga- 
tion”, probably served as a model for the “‘Orthopaedia’’. It was en- 
titled ‘Conservative Surgery’’, which was defined by a quotation from 
Hippocrates as a ‘‘mode of cure, and it neither requires cutting, burning, 
nor any other complex means’’. The author trusts “that the time is not 
far distant when intellectual efforts to preserve the human form intact 

. will be considered as humane and as honorable and will be as highly 
appreciated, as is the devising of some new mode of mutilating it at the 
present time’’. 

“Conservative Surgery”’ is less comprehensive in its scope than the 
“Orthopaedia”’. The first chapter is on fractures and dislocations, the 
last a description of a pessary for uterine displacements, and the longest 
on synovitis, which includes every variety of joint disease. 

The chief purpose of the book was to exploit ‘“‘continued elastic ex- 
tention” as a potent and comprehensive treatment of deformity and joint 
disease. This, he states, is a field so fruitful that ‘we could wish for an- 
other term of life than that allotted to man, to enable us to continue these 
investigations’’. 

A casual reader might infer from the lack of any indication to the con- 
trary, that traction, the so called extension, originated with Dr. Davis. 
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This, however, had been in use for many years before his book was written. 
He employed it, doubtless, with more intelligence and assiduity than his 
predecessors and enforced the principle that it should be applied in the 
line of deformity. Dr. Davis’ qualification as a “‘revolutionist’’ rests on 
the claim that constant traction applied by his method will actually 
separate joint surfaces from one another and yet permit a freedom of 
motion that will preserve the nutrition of the limb. 

In a paper published in 1890 ¢ he still asserts that his hip splint as- 
sures freedom of motion without friction in locomotion; that there should 
be no mortality from hip disease, if thus treated, and that recovery may be 
assured without greater destruction of the joint surfaces than existed at 
the commencement of the disease. And, in his last communication®, he 
states that he first used extension for diseased joints, that ‘‘extension does 
not stretch parts but excites nutrition and thus adds to their length’’, and 
that, ‘‘if continued extension is properly applied in ulcerated joints until 
the diseased bone has healed, full motion will be restored’’. 

It is evident that Davis’ claims were not conceded by his contempo- 
raries. Dr. Knight permitted no treatment by traction in the institution 
that he controlled, ‘‘ believing it to be injurious by impairing the vital 
energy of the limb”. In discarding traction he was in accord with 
Thomas, ‘‘the protagonist of rest, enforced, uninterrupted and _ pro- 
longed’’, who asserted “that its application involved a fractional degree 
of fixation which is sufficient to mask the evil of this ridiculous malprac- 


tice’’. 

As to Davis’ spinal brace, Taylor, characterized by the essayist as a 
mechanical genius, and who may be accepted as an authority, states, 
“The only impression made by it upon me was admiration for the in- 
genuity which could devise a means rendering it utterly impossible to 
effect any mechanical purpose at all’’. 

Sayre * gives to Davis the credit for devising an instrument permitting 
extension with motion, but states that ‘‘as Dr. Davis since that time has 
taken out a patent on his instrument, and as others have since been de- 
vised by various persons that are so much more efficient without the ob- 
jectionable features of Davis’s original instrument, it is not necessary to 
make any further reference to it”’. 

It is evident that both Sayre and Taylor accepted Davis’ theory of 
the desirability of movement without friction in the treatment of diseased 
joints, but used their own appliances to assure it. 

According to Sayre, “motion is as essential in retaining a healthy 
condition of the structure about a joint as light is essential in retaining a 
healthy condition of the eye; for the ligaments around a joint will become 
fibrocartilaginous, or even osseous, if motion is denied them, particularly 
if a chronic inflammation is going on within the joint with which they are 
connected ”’. 

Dr. Davis complained bitterly of the injustice of the appropriation of 
his discoveries by others without due credit,—his hip splint by Sayre, his 
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back brace by Taylor, his elastic tension straps by Barwell. He hopes 
that ‘our brethren will soon consider it as derogatory to a man’s standing 
in the profession to rob a brother of his discoveries, as it is to patent a 
splint”. 

It would appear that not only were Davis’ braces supplanted, but the 
theory on which they were constructed was also discredited during his 
lifetime. For those who employed the ‘“‘ American treatment” of hip 
disease evidently regarded motion in a diseased joint as unavoidable 
rather than desirable. Even the essayist, in a paper on the treatment of 
hip disease, speaks of ‘‘the peculiar and perfect immobility” assured by 
the long traction brace, which was originally designed to permit motion 
without friction. 2 

Davis’ extravagant claims must have stimulated an interest in a neg- 
lected class of cases that was in some degree justified by the results. He 
alone of the four is credited by the essayist with originality and genius and, 
characteristically, his life appears to have been one of storm, stress, and 
disappointment. He did not, like Taylor and Knight, found a hospital to 
perpetuate his memory and, although what the essayist calls his “‘ personal 
influence’’ must at one period have been much greater than that of either, 
he has preceded them on the road to oblivion. For, in a recent account of 
“American Explorers in Orthopaedic Surgery’’’, his name even does not 
appear. 


Ill. CC. Fayerre Taytor 


It is evident that the success of Knight and Davis was not due either 
to social influence or to educational advantages, technical or otherwise. 
Certainly Taylor’s was not. Indeed, his medical training was perhaps the 
shortest on record, since it comprised a summer term, a winter term, and 
a spring term, all within a single year. Apparently he had no intention of 
practising medicine, but desired a medical degree simply as a qualification 
for work in physical culture. After graduation he conducted a gymnasium 
for several years and later devised many machines for mechanical exercises 
of what are generally known as the Zander type. 

His interest in tuberculous disease was stimulated by his experience 
in the treatment of Pott’s disease by exercises designed to check the prog- 
ress of the deformity by developing muscular resistance. The onset of 
paraplegia in one of the cases convinced him of the futility of the only 
method then at his command. Shortly afterward, a similar case came 
under his observation and, since this was the most momentous occasion of 
his life, it will be described in his own words *, thus providing an opportu- 
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nity to contrast the simplicity of his literary style with the verbiage of 
Knight and Davis. 

“T then told her (the mother) as easily as I could the nature of the 
trouble and again endeavored to get away. But she still detained me and 
asked for further information of the nature of the disease, which I re- 
luctantly gave her. ‘How can this be?’ she continued. ‘To all appear- 
ances my child is as well as ever, as well as any child. She is not, and she 
has not been, sick so far as I know.’ I replied, still insisting that there was 
a destructive disease in her spinal column. After listening, she said: 
‘Well, of course, it can be cured; it is discovered so early.’ I had not then 
learned, and, thank Heaven, I never have learned, to lie to my patients, so 
I replied that, so far as I knew, there was no cure forit. She sat thought- 
ful a few minutes, and then asked: ‘What am I toexpect?’ And I replied 
by telling her the progress of the disease in its downward course. She 
said: ‘But how long will this be going on?’ And I replied: ‘For many 
years.” ‘And what will be the result?’ she asked. I told her. Then 
vame the hardest question of all: ‘Do you mean to say,’ she said, ‘that my 
little girl here, who has been always apparently a healthy child, and now 
appears to be so, who is still so plump and straight, must go down before 
my eyes, must suffer, may be confined to the bed with paralysis, with dis- 
charging abscesses, down through a series of years, becoming deformed 
and dwarfed and emaciated, distorted and disfigured, and there is nothing 
which can be done to prevent, or even to mitigate, such a terrible calam- 
ity?’ There was but one answer at that time to be made. I made it, 
and bowed my head and left. 

“But the impression I had received did not leave me; it has never left 
me. It burned into my brain as with a red-hot iron. It staid with me 
and followed me for weeks and weeks; in fact it never left me until the 
spinal assistant had been invented.” 

The “spinal assistant” is a type of support now so familiar that it 
seems almost incredible that steel bars placed on either side of a diseased 
spine, attached above and below to serve as a splint, should not have been 
used in a practicable form before his time. But, according to Taylor, all 
other supports were constructed on vertical support, which was an idea 
only, as there was neither a fixed point below nor above. Of his own brace, 
he writes, “The first real light broke in upon me when I gave hospitality 
to and finally adopted the term ‘protection to the diseased vertebrae’. 
... One evening, . . . just as I passed into the bright light pouring 
from an ice-cream saloon . . . the thought of the principle of action of a 
special instrument that would both have fixed points and afford perfect 
protection to the diseased vertebrae struck me. The sensation was almost 
awful. I jumped as if I had received a physical blow, and ran all the way 
home. ... The next day I went down town and ordered an instrument, 
though I had no money and no patient with that disease”. This was in 
1858, and Dr. Taylor, as a young man of twenty-four, evidently suffered 
from a sense of social and professional inferiority. For, although this 
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biace seemed to him the result of an almost miraculous illumination, he 
walked up and down before the door of a prominent surgeon for half an 
hour before he could summon up resolution to invite his inspection of the 
appliance, and with a result that justified his apprehension. 

It has been noted that Taylor’s primary interest was in physical cul- 
ture, and he still believed that motion in the diseased area was desirable 
if “perfect protection’’ might be assured. Thus his ‘‘spinal assistant’”’ 
was ‘“‘made with two hinges, allowing the instrument to bend backward 
but not forward, in order to allow the muscles to act when they wanted 
to, but to completely protect the affected vertebrae in case the muscles 
should tire and relax’’. This was justly criticized by Davis. Later, mo- 
tion was checked by pads and screws. The back bars were extended over 
the shoulders, and leverage and pressure assured fixation at the site of dis- 
ease. This brace, and the results which he attained by its use, estab- 
lished Dr. Taylor’s reputation and turned his attention definitely to the 
mechanical treatment of chronic disease of the joints. 

In 1866 he founded the Orthopaedic Dispensary and in 1872 he took 
charge of a ward at St. Luke’s Hospital for the treatment of bedridden 
patients, but within a few years he retired to devote his entire time to 
private practice. 

Although he was the only one of the group who did not write a book, 
he was a more constant contributor to medical literature, forty-two papers 
being listed under his name. Twenty-three of these may be classified as 
orthopaedic, and are chiefly concerned with lateral curvature of the spine 
and tuberculous disease. The other titles indicate a wider range of in- 
terest, such as ‘‘Carnomania’’, ‘‘Gofio: Food and Physique’’, ‘‘Sensa- 
tion and Pain’’, ‘‘Emotional Prodigality’’, and the like. 

One may conclude that Taylor, who died in retirement at the age of 
sixty-five, like Knight, led what might be termed a protected life, in the 
sense that he carried out a treatment, of which he was a master, on se- 
lected cases in his own institution, free from criticism and competition. 

His son dedicated his ‘‘ Orthopaedic Surgery’’*® to him as a pioneer, 
with the accompanying quotations: 

“‘T will not follow where the path may lead, but I will go where 
there is no path and I will leave a trail.’’—Strode. 
“‘T count on that man as happy who when there is a question of 
success looks into his work for a reply.’’—Emerson. 
From which it would appear that, in the estimation of his successor and 
most intimate associate, Dr. Taylor had every reason to look backward on 
his professional life with complete satisfaction. 
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IV. Lewis A. SAYRE 


As contrasted with the other members of the group, Dr. Sayre was a 
far more important figure both in the professional and social scale. He 
alone of them had surgical qualifications, and was a surgeon in Bellevue 
Hospital as early as 1853. He was a founder of the Bellevue Medical 
School and the first Professor of Orthopaedic Surgery, under the compre- 
hensive title of Professor of Orthopaedic Surgery, Fractures and Disloca- 
tions and of Clinical Surgery. 

Dr. Sayre’s book’ entitled ‘‘ Orthopaedic Surgery and Diseases of the 
Joints’’, published in 1876, as contrasted with the “Orthopaedia”’ of Dr. 
Knight, reads like aromance. It is introduced by the following quotation 
from Dr. Valentine Mott, which sets the keynote for the exposition: “It 
was my happy lot, even at my advancing time of life, .. . to have wit- 
nessed, also, the dawning as well as the meridian splendor of another new 
and illustrious era in the healing art; I refer to that beautiful and exact 
science, limitedly denominated orthopedic surgery”. 

Dr. Sayre states that his book is a response to numerous letters from 
eminent men here and abroad urging him to prepare a work setting forth 
his peculiar views on pathology and treatment. It purports to be an al- 
most literal transcript of his lectures which are composed of clinical demon- 
strations and reports of cases illustrating his peculiar views and the 
efficiency of his methods. For example: 

Spastic paraplegia is induced or aggravated by an adherent 
prepuce which in the illustrative cases was relieved by circumcision. 

Club-foot in the majority of cases is caused by paralysis and the 
most effective treatment is elastic traction, supplemented by the 
injection of strychnia into the affected muscles. 

There is an important distinction between contraction and con- 
tracture. In the latter instance, local pressure induces reflex spasm 
and division of the contracted parts will be required. 

Lateral curvature of the spine is in most instances caused by 
unbalanced muscular action, particularly of the serratus magnus. 
Even in advanced cases the bodies of the vertebrae retain their nor- 
mal shape. 

Knock knees are caused by muscular weakness and contraction. 

In severe cases division of the shortened tissues and of the biceps 

tendon is indicated as a preliminary to traction, to correct the de- 

formity. Osteotomy is not mentioned. 

The greater part of the book, like those of Davis and Knight, is con- 
cerned with chronic diseases of the joints (tuberculosis), the basic treat- 
ment being the constant traction of Davis, supplemented by operative 
intervention, more radical than is considered advisable at the present day. 

The operation, described and illustrated at great length and detail, 
is a subperiosteal resection of the hip joint, designed to permit a repro- 
duction of the resected bone and restoration of function. This type of 
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operation, now discarded, and the plaster jacket, still in use, were evi- 
dently considered his chief contributions to surgical progress. 

The lectures make entertaining reading at the present time, and must 
have been most impressive to those who listened to them. They suggest 
natural enthusiasm unhampered by exact knowledge, and stimulated, 
doubtless, by the contrast between the effects of his own positive treat- 
ment and what was essentially neglect. It would appear, furthermore, 
that his actual treatment was often more reasonable than the theory which 
was improvised to explain it, and which he evidently regarded as of sec- 
ondary importance. For he cautions his students, ‘‘ Never be governed 
by the ipse dixit of any man unless the demonstration accompanying it, 
or your own careful investigation, shall convince you that the principles 
enunciated are true’’. 

Sayre’s book reflects the quality of the writer and particularly what 
the essayist calls personal influence. One of his former house officers at 
Bellevue Hospital records his impressions as follows: ‘‘ Lewis Albert Sayre 
had a wonderful personality; he was of powerful build and had a keen, 
searching eye; his unflagging enthusiasm for his work, his interest in the 
house staff and patients, inspired confidence and aroused a like enthusiasm 
in those who came in contact with him. His enthusiasm knew no bounds 
when he was speaking of his success in treating spinal diseases with the 
plaster jacket, or late stages of hip disease by excision of the hip joint. 
He was a wonderful teacher of orthopaedic surgery; in fact orthopaedic 
surgery as a specialty began with his teaching. He took as much interest 
in teaching his house staff in the wards as he did the students in the am- 
phitheatre. Those who knew him only superficially were apt to consider 
him rough; he was blunt of speech and made no pretence to diplomacy, but 
those who saw him at close range knew there was a warm and tender side 
to his heart”’. 

He was, in the retrospective estimation of a contemporary, ‘‘a really 
big man. He had little learning of any kind and was consequently un- 
hampered in any undertaking by the knowledge of the failures of others. 
He never devised any of the things attributed to him, but he knew a good 
thing when he saw it, adopted it and claimed it as his own. Thus he 
popularized many useful things, which otherwise would not have been 
known. He knew himself for what he was, a good advertiser, able to learn 
from his own failures”’. 

Of these inventions or adaptations which range from a tracheotomy 
tube to a scrotal clamp, showing the scope of his activities, none can 
now be identified except the plaster jacket. 

Sayre, like Taylor, had in early life an illuminating experience. His 
preceptor was the Professor of Surgery in the Medical School, and Sayre 
was much impressed by his lecture on abscess. One of the patients had 
an abscess about the knee which Sayre proceeded to open. When he 
reported the result, the professor called him a ‘‘damned blockhead”’. 
“For,” said he, ‘‘my lecture was on hot abscess. This was a cold abscess, 
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and you've killed the man”. ‘ But”’, said Sayre, ‘‘he didn’t die. He got 
well, and I never believed anything that any of them told me after that.” 

Yet, Sayre’s teaching, as illustrated by the extracts quoted, reminds 
one of the conclusion of Artemas Ward that ‘‘it’s better not to know so 
much than to know so many things that ain’t so”’. 

It will appear from this review that the group of pioneers by no means 
presented a united front in the campaign of progress. 

Sayre was regarded by the conservatives as an arrogant and menda- 
cious exponent of ‘adventurous treatment’’. He had an equally critical 
and more emphatically expressed opinion of their professional shortcom- 
ings, both individually and collectively. 

Davis had a comprehensive grievance against all the others, particu- 
larly Taylor, ‘for robbing him of his discoveries”, and Taylor’s opinion 
of Davis’ mechanical ability has already been quoted. The three ir- 
reconcilables were in accord on but one point, namely, —that Knight, in 
discarding traction, was a therapeutic derelict. 

There was also another and far more radical distinction between 
them,—Sayre considered himself a surgeon and included Clinical Surgery 
in his professional title. The other members of the group represented a 
development of the ancient practice of mechanical treatment with indi- 
vidual variations. This development is clearly presented by Bradford " 
ina memorial to Taylor. He states that at this time surgeons paid little 
attention to detail, but left the fitting of appliances to brace makers. 
Consequently, patients were supplied with supports that did not support, 
protection apparatus that did not protect, and traction apparatus that 
did not pull. Thoroughness was Dr. Taylor's best quality, and added to 
this was an extraordinary self-reliance and enthusiasm which attracted 
patients and led them to persist during the long years that were necessary 
for cure under the direction of a masterful intelligence.” 

At this time little was known of the influence of function on structure, 
and the moral and physical burden of brace-wearing for months or years 
was considered of little moment if eventually deformity might be cor- 
rected, even in part, by so called conservative treatment. 

Orthopaedic Surgery was haled by Mott as a new era in the healing 
art because, in combining surgery with mechanies, it greatly increased the 
effectiveness of each. 

It is apparent, from the examination of the meager fare which these 
text-books offered to the student of the period, that the great advances in 
scope and method that have established Orthopaedic Surgery have been 
made since Dr. Shaffer’s essay was written. It is further apparent that 
the dominant influence in this progress has been the surgical factor of the 
combination which Mott haled as foreshadowing a new era in the healing 
art. It follows, therefore, that Sayre alone of the pioneers can present 
a valid claim to fatherhood of American Orthopaedic Surgery, since 
he was the only one who practised it, and thus held the door open to 


progress. 
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KINETICS OF HUMAN GAIT 


THE MAKING AND INTERPRETATION OF ELECTROBASOGRAPHIC RECORDS 
oF GAIT 


THE INFLUENCE OF RATE OF WALKING AND THE HEIGHT OF SHOE HEEL 
ON DURATION OF WEIGHT-BEARING ON THE OsseouS TRIPOD OF THE 
RESPECTIVE FEET*t 


BY R. PLATO SCHWARTZ, M.D., ARTHUR L. HEATH, WILLIAM MISIEK, M.A., 
AND JOHN N. WRIGHT, ROCHESTER, NEW YORK 


Pathology which produces evidence of abnormalities in gait may be 
found in patients treated by any branch of medicine. This is the result of 
the dependence of ‘‘normal”’ gait upon the interrelationship of the normal 
function and coordination of the major systems,—(1) the cerebral cortex, 
motor, sensory, and sympathetic nerves, (2) voluntary and involuntary 
muscle coordination, (3) osteo-articular structures, and (4) the cardio- 
vascular system. 

Interest in the therapeutic advantage to be gained by recording 
human gait is, therefore, not confined to the restricted field of orthopaedic 
surgery. 

The complexity of the phenomena of gait transcends visual analysis. 
One or more components of gait must be selected for recording and the 
interpretation of records. Two years ago we directed our attention to 
the sequence of weight-bearing on the osseous tripod of the respective feet. 
This has been referred to in terms of the heel, fifth metatarsal head, and 
the great toe of each foot. 

One year ago evidence indicated that the ‘‘Pneumographic Method 
of Recording Gait”! could be made to reveal the sequence, the duration 
of weight-bearing, and the pressure applied with respect to these three 
points of support. Although useful from an academic point of view, this 
method presented many complications. We were unable to adapt it to 
the simplicity of clinical requirements most essential for application to 
the improvement of the treatment of patients. 

Sequence and duration of weight-bearing on the three respective 
points of each foot seemed to be the most important phenomena to be 
recorded. Our premise is: Any alteration of normal pressure on one or 
more of these three points will necessarily be accompanied by a change in the 
normal sequence or duration of time spent on the other points of the respective 
feet. At present we need additional evidence for the absolute acceptance 
of this statement. We believe there may be exceptions; with such ad- 


* From the Department of Surgery, Division of Orthopaedics, Rochester University 
School of Medicine and Dentistry. Funds for this research work have been provided by 
the Rockefeller Foundation and the Bausch and Lomb Optical Company. 

+ Read before the University of Rochester Medical Society, May 8, 1933. 
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mission the above premise becomes the foundation for the “‘ Electrobaso- 
graphic Method of Recording Human Gait.” 

The electrobasographic record measures gait in terms of: 

1. The duration of weight-bearing on each foot. 

2. The time spent on the heel, the fifth metatarsal head, and the first 
toe of each foot. 

3. The time interval in which weight is received on each of these 
three points. 

4. The time interval in which weight is delivered from each of these 
three points. 

5. The time interval between the reception of weight on the right 
heel and the reception of weight on the left heel. 

6. The time interval between the reception of weight on the left 
heel and the reception of weight on the right heel. 

7. The rate of walking,—. e., the number of steps per second. 

Such records are made by using the electrobasograph in the following 
manner. <A 100-foot roll of No. 1 Eastman News Bromide, single weight, 
glossy, normal, photographic paper, seventy millimeters wide, is enclosed 

, in a camera box (Fig. 
1). The paper is 
driven at constant 
speed by a direct-cur- 
rent motorand gearre- 
ducer past a horizon- 
tal slit in the front of 
the camera box, out 
through a horizontal 
slit in the back, to be 
wound on the take-up 
spool (Fig. 2). Seven 
electric lights are so 
arranged in the light 
box that light from 
lamp passes 
through separate 
openings in the an- 
terior slit on to the 
moving photographic 
paper. 

Three electric 
lights represent the 
heel, fifth metatarsal 

— head, and the great 
Fig. 1 toe of the right foot; 


A patient, standing with contacts on his own shoes, ready — three other lights rep- 
to make an electrobasographie record while walking on a 
metallic surface. resent the correspond- 
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Fia. 2 
The electrobasograph. Parts named from left to right,—direct-current motor, 
metronome, light box, open camera box, take-up reel. 


ing points on the left foot. The seventh light is connected with the 
metronome which records time in seconds (Fig. 1 and Fig. 2). 

Brass contacts are placed on the soles of the patient’s shoes (Fig. 1 
and Fig. 3). The patient walks on a metal surface (Fig. 1). The shoe 
contacts and metallic surface are the respective sides of a direct-current 
circuit. These three points on each shoe act as switches which are alter- 
nately opened and closed when the patient walks, thus activating the 
lights in the recording mechanism. 

The correct placement of the contacts is assured by palpation of the 


respective bony land- 
marks. The correct 
wiring to respective 
lamps in the light 
box is checked by the 
transillumination box 
(Fig. 1 and Fig. 4). 
An electrobaso- 
graphic record of nor- 
mal gait is explained 
in Figure 6. It is ap- 
parent that the rec- 
ords correspond to 
“electrical footprints”’ 
which provide for the 
seven mathematical 
determinations previ- 


Fic. 3 
Three-quarter-inch circular contacts on man’s shoe, 
half-inch on woman’s and boy's shoes, held in place by 
ously stated. heated flake shellac. 
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Validity of the method must include 
proof that the records made on succes- 
sive dates will be the same, so long as the 
patient’s gait remains unaltered. Such 
proof is presented in Figure 7, which 
reveals weight-bearing on the left fifth 
metatarsal head following medial proxi- 
mal displacement of the left scaphoid 
(Fig. 5). Proof of the converse is 
available in Figure 8. 

The influence of the rate of walking 
on the electrobasographic records is 
revealed in the graphs of three different 
normal subjects (Fig. 9 and Fig. 10). 
5 This evidence indicates that, as the rate 

inereases, the duration of weight-bear- 
ihe ransiluminetion box showing ing on the three respective points of 
the right first toe, the left heel, and each foot diminishes in a straight line. 
head of the fifth metatarsal. Much comment has been made 
with regard to the height of heels on women’s shoes. The seven different 
shoes, illustrated in Figure 11, were worn by one normal girl. The records 
indicate an increasing instability of the foot, most evident in the shoe with 
heel height of three and one-eighth inches, and more evident on the right 
foot than on the left. 

The graphs (Fig. 12) show that the duration of ‘‘normal’’ weight- 
bearing increased for heel and first toe of each foot, slightly diminished 
for left fifth metatarsal, and lessened with an abrupt drop when the height 
of heel exceeded two and one-half inches. These data partially explain 
the observation that during weight-bearing, pronation and instability of 
the feet are increased with increasing heel height which favors pivoting. 


Fia. 5 


Anterior-posterior and lateral views of left foot illustrating medial dislocation of 
scaphoid on astragalus, resulting in equinovarus deformity. 
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Fia. 6 


Fic. 7 


Interpretation of an electrobasographic record of 


“normal” gait. Electrobasographic record of 


“normal”’’ man at left. Second 
record, J. S., aged sixty-four: 
traumatic medial dislocation of 
SUMMARY seaphoid on astragalus. The 
second and third records are 

1. The electrobasograph is briefly de- duplicates, although they were 
made on successive dates. 
scribed as an instrument for recording the Weight-bearing almost entirely 
gait of man. on left fifth metatarsal head. 

2. Important time relationships can 
be determined from these records which are made with relation to the 
duration of weight-bearing on the heel, fifth metatarsal head, and first 
toe of the respective feet. 

3. Illustration of records provides evidence that unaltered gait will 
produce the same records on successive dates. 

4. Illustration of records provides evidence that the removal of the 
‘ause for a limp will be revealed by changes in the electrobasographic 
record on successive dates. 

5. Graphs are presented to illustrate the influence of the rate 
of walking on the duration of weight-bearing on each of these 
three points. 

6. Records and graphs illustrate the influence of height of shoe heel 
on the duration of weight-bearing on each of these three points. 
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INFLUENCE OF HEIGHT OF HEEL ON DURATION OF 
‘NORMAL WEIGHT BEARING IN ONE SUBJECT 


MISS E.AC. ' 4-8-33 W 0063 
LEFT FOOT RIGHT FOOT 
50 2 50 
ry 

00 HEEL 90 HEEL 
ME TATARSAL 5.00 METATARSAL 
a5 

00 GREATTOE 00 GREAT TOE 

50 
00] TOTAL TIME 00 TOTAL TIME 


HEIGHT OF HEEL- INCHES HEIGHT OF HEEL - INCHES 
Fig. 12 


Graphie evidence of: (1) increased weight-bearing time on heel and great toe with 
increasing height of shoe heel; (2) diminution in weight-bearing time on fifth meta- 
tarsal head, most evident on the right foot after shoe heel exceeded 2.5 inches in height. 
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FRACTURE OF THE ULNA WITH DISLOCATION OF THE 
HEAD OF THE RADIUS * 


BY 8S. R. CUNNINGHAM, M.D., OKLAHOMA CITY, OKLAHOMA 


This dual lesion is particularly important, for, apparently, it is fre- 
quently overlooked in the early stages, although this type of injury is not 
uncommon. This injury has occurred so frequently in our experience as 
to warrant special mention. 

In 1814, Monteggia reported two cases of fracture of the ulna in its 
upper third complicated by disturbance of the superior radio-ulnar joint. 
He described this lesion so well that in 1909 Perrin, writing in his ‘* Thése 
de Paris”’, named it Monteggia’s lesion. Studies were made by Malgaigne 
in 1854 and by Stanciulescu in 1880, and other authors have made casual 
mention of this dual lesion. 

In all fractures of the upper half of the ulna, with displacement of 
the fragments, the radio-ulnar joint is of necessity involved. If the dis- 
placement of the ulnar fragments is marked, there must result either a 
fracture of the radius or a displacement of its upper end. The lesion 
usually results from a direct blow against the extensor surface of the fore- 
arm near the junction of the upper and middle thirds of the ulna. It 
may be caused by a fall upon the palm or thenar eminence of the hand, 
thereby causing an indirect fracture and dislocation. In our experience 
this lesion occurs most often in young workmen, and not infrequently in 
children between the ages of three and twelve years. In our series of 257 
consecutive fractures of the ulna (exclusive of the olecranon and styloid 
processes) fourteen, or approximately five and five-tenths per cent., had 
concomitant complete dislocation of the head of the radius. This dis- 
location of the radial head presents an extremely important problem, for, 
if not recognized early and treated properly, there results a serious dis- 
ability as well as marked deformity. 

The distal fragment of the ulna usually becomes displaced upward 
and forward, and the radius follows the lower fragment because of its 
strong attachment by the interosseous ligament. The head of the bone 
thereby penetrates the orbicular ligament above the annular ligament 
fibers, and is carried to varying height onto the anterior surface of the 
humerus, usually above and lateral to the coronoid depression. In 
children the radial head displaces upward and forward and may remain 
within the capsule and lie anteriorly between the condyles of the humerus. 

The injured arm is usually held in partial flexion at the elbow, and 
there is definite swelling in the upper half of the forearm and the swelling 
usually extends into the upper arm. The upper fragment of the ulna is 
pulled backward, and the lower fragment upward and forward, thus filling 


* Presented at the Annual Meeting of the American Orthopaedic Association, Wash 
ington, D. C., May 11, 1933. 


351 


| 


352 Ss. R. CUNNINGHAM 


Fia. 1-B 


Case 1. Workman, thirty-two years of age. Admitted to hospital January 9, 
1927. Struck on posterior surface of forearm by a club when in an altercation. 
?atient had been confined in jail nine weeks, practically without treatment. 

Osteoperiosteal graft was used at ulnar fracture, with fascia-lata reconstruction 


of capsule after reduction of radial head. 
End result: slight loss in extension at elbow and slight loss in voluntary supination. 


up the normal depression in front of the elbow. The head of the radius 
can usually be palpated, and there is a depressed area behind and below 
the external condyle, while pronation and supination are usually impos- 
sible because of severe pain and locking. Very careful roentgen-ray 
study is necessary, with particular care to include the elbow joint, in all 
ulnar-shaft fractures. 

The dislocation should be promptly and immediately reduced, for, if 
this persists, reduction of the ulnar fragments can seldom be accomplished. 
It can often be reduced simultaneously with the fragments of the ulna by 
closed manipulation. If, by extension and moderate pressure and 
manipulation, reduction is not accomplished, an immediate reduction of 
the head of the radius and repair of the capsule should be performed. 

In a small percentage of cases it may be necessary to resort to open 
replacement of the ulnar fragments. Except following too much manip- 
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Fig. 2-B 


Case 3. Boy, eight years old. Admitted for treatment soon after injury. 
Fracture of ulna and dislocation of head of radius. Closed reduction of fracture 
of ulna with spontaneous reduction of head of radius. Complete function restored. 


ulation of the fragments, non-union will seldom occur if the radial head 
is reduced early and secured by the repair of the capsule. The roentgeno- 
grams of three cases are shown, which, with the legends, sufficiently il- 
lustrate the type of fracture and its result after treatment. 


CONCLUSIONS 
1. This complicated fracture is not uncommon. 
2. If recognized and properly treated early, there should be little 
or no residual disability or deformity. 
3. Careful roentgen-ray study is necessary, with particular care to 
include the elbow joints, in all ulnar shaft fractures. 
4. Neglected cases result in great loss of function and much de- 


formity. 
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Fig. 3-A 


Fig. 3-B 
Case 6. Girl, aged six. Injured in motor car accident. Admitted for treatment 
immediately after injury, March 4, 1933. 
Prompt reduction of the fracture was done by closed reduction, and dislocation 
was corrected simultaneously. Full function was restored in eight weeks. 
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PERIOSTITIS OF THE OS CALCIS 
BY C. C. CHANG, M.D., AND LEO J. MILTNER, M.D., PEIPING, CHINA 


From the Division of Orthopaedic Surgery, Department of Surgery, Peiping Union 
Medical College, Peiping, China 


Periostitis of the os ealeis is a fairly common chronic, disabling disease, 
occurring usually among adults. It is characterized by a deposition of 
lime or a proliferation of bone on the surface of the os ealeis, chiefly near 
the sites of origin of the plantar fascia and the insertion of the Achilles 
tendon. Most frequently the process remains localized in those regions, 
but in advanced cases it may extend so as to involve all of the surfaces of 
the posterior portion of the bone. 

The following etiological factors have been described: (1) gonorrhea; 
(2) trauma; (3) arthritis; (4) foci of infection bearing streptococcus; (5) 
metabolie disturbances; (6) syphilis; (7) arteriosclerosis, tuberculosis; and 
(8) neurotrophic disturbances. According to most observers, infection 
and trauma are of primary significance. When infection is the chief 
etiological factor, either the gonococcus or the streptococcus may be 
present. Trauma plays a definite part in every case, although infection of 
one type or another may initiate the disease. 


Pathology: 

In the early stages of the condition, the periosteum shows signs of 
low-grade chronic inflammation as evidenced by thickening and oedema, 
proliferation of fibroblasts, and round-cell infiltration. Later on, lime 
salts are deposited beneath the periosteum and also outside of it, especially 
near the points of insertion of the fascia and tendon. As the condition 
progresses, new bone may be formed in these places. In the most ad- 
vanced cases, microscopic examination of sections of bone shows fibrosis of 
the marrow tissues, small areas of necrosis, hyaline or gelatinous degenera- 
tion and, at places, proliferation of fibroblasts and sclerosis of the cortical 
bone. Periostitis and osteitis, occurring secondary to bursitis, show 
essentially the same findings (Fig. 1-A and Fig. 1-B). 


Symptoms: 

The most important symptoms are pain and tenderness over the 
affected area. Asa rule, the onset is gradual with pain only during walk- 
ing or standing. The pain may be sharp or dull, constant or intermittent, 
depending on the type and activity of the periostitis. The small, sharply 
defined spur is apt to cause piercing pain, while the more extensive peri- 
ostitis is associated with dull, aching pain. Swelling is often seen in the 
advanced case, located especially over the inflamed area. In the arthritic 
case, the swelling of the subcutaneous tissues is often more diffuse. 

Owing to constant attempts on the part of the patient to shift the body 
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Fig. 1-A 

Roentgenogram of an os calcis, showing a mild periostitis with calcification above 

the region of insertion of the tendo achillis. The periostitis is secondary to an in- 
flammation of the deep Achilles bursa. 


weight away from the 
painful heel, the nor- 
mal body mechanics 
may be disturbed so 
that metatarsalgia, 
pain in the ankles, 
knees, and lower back 
frequently are associ- 
ated symptoms. 


Diagnosis: 

With the aid of 
roentgenograms, it is 
possible to determine 
Fic. 1-B accurately the area of 


Photograph of heels of the case shown in Fig. 1-A. On involvement and the 
the left heel, note the soft-tissue swelling (bursitis), both  ctag. . 
—— and lateral to the insertion of the tendo achillis. tage of des el pment 
he normal right heel is shown for comparison. of the periostitis. 


Roentgenograms offer 
the only sure method of differentiating this condition from arthritis, 
arch strain, osteoma, and lesions of the medullary portion of the bone. 
Periostitis of the os caleis occurs only rarely during adolescence, and 
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Fig. 2-A 


Roentgenogram of an os ealeis, showing the most common type of spur formation 
at the medial origin of the plantar fascia from the inner tubercle of the os calecis. 


then it should not be confused with 
apophysitis which is an involvement 
of the posterior inferior epiphysis. 
In the latter disease, roentgenograms 
show irregularity, clouding, and 
obliteration of the cartilage plate. 


Treatment: 

Conservative treatment should 
be given a fair trial in every case 
before the operative removal of the 
spur is recommended. Non-opera- 
tive treatment consists chiefly in 
attempts to eliminate the etiological 
factors, and in the institution of rest 
and local applications to relieve the 
pain. Whenever possible, foci of 


Fig. 2-B 

Drawing of shoe corrections (Steindler 
method) used to relieve the pain from a 
spur such as is shown in Fig. 2-A. Note 
the metal arch (A) and the wedge-snz +d 
elevation of the heel (B) which transfers 
the site of pressure posteriorly to the un- 
involved surface of the os calcis. 


infection in the teeth, tonsils, sinuses, gastro-intestinal and genito-urinary 
tracts should be eradicated. In practically every instance, the avoidance 
of weight-bearing affords decided relief from the painful symptoms. 
While the patient is at rest, hot applications may be used. Complete 
local rest may be secured by the application of plaster-of-Paris casts over 
the feet and lower legs. The casts may be maintained in position from 
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Fig. 3-A 

Roentgenogram showing a more advanced type of periostitis with spur formation 
involving the entire inferior weight-bearing surface of the os calcis. In the writers’ 
series, most of the cases showed advanced periostitis similar to that illustrated 


in this figure. 


Fig. 3-B 
The same os ¢alcis as shown in Fig. 3-A, one and one-half years after operative 
treatment which afforded ninety per cent. relief from pain. 


q 
} 
‘ 
4 
ny 
| 
: 


PERIOSTITIS OF THE OS CALCIS 359 


& 


Fig. 4-A 

; Roentgenogram of an os calcis, showing extensive periostitis and superficial 
osteitis which involves the inferior, superior, and, to a lesser extent, the lateral 
surfaces of the os ealcis. 


Fic. 4-B 
The same os calcis shown in Fig. 4-A, one and one-half years alter operative 
treatment. Although a slight recurrence of the periostitis is present, the 
patient has almost complete relief from pain. 
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6 


Fig. 5 

For inferior spurs, a transverse incision For simple inferior spurs, removal of 

is made through the plantar fascia just the origin of the plantar fascia and the 
anterior to the tubercles of the os calcis. tubercles of the os calcis is performed. 


one to four weeks, depending upon the severity of the symptoms. Often- 
times this period of rest affords complete relief which may persist for 
many months. Immediately following the removal of the plaster-of- 
Paris casts, corrections should be applied to the shoes and the patient in- 
structed to use crutches for several days. If the spur is located in a small 
circumscribed area near the origin of the plantar fascia (Fig. 2-A), very 
satisfactory relief may be obtained by the use of a special heel (Fig. 2-B). 
In addition, the shoe should be fitted with a rigid shank, so as to prevent 
lowering of the long arches. With this heel, practically all of the weight is 
transmitted posteriorly to the uninvolved portion of the os ealeis. When 
the entire inferior weight-bearing surface of the os calcis is tender, a soft 
rubber sponge placed inside of the shoe at the heel may afford a great deal 
of comfort. The sponge should be thinner in the center than at its mar- 
gins so that more of the weight will be carried on the lateral margins of the 
heel. When the periostitis is located only near the region of the insertion 
of the tendo achillis, it may be advisable to increase the height of the heel 
of the shoe by approximately one-fourth of an inch or more. This eleva- 
tion relaxes the tendon to a certain extent, and thereby decreases the 
amount of strain on the inflamed area. In the case of the prominent 
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Fic. 7 
If the periostitis involves the entire 
inferior weight-bearing surface of the os 
ealeis (Fig. 3-A), the whole area is 
denuded. 


Fic. 8 
Drawing to illustrate the exposure 
gained by the goblet incision. This ap- 
proach is used for the most advanced 
cases of periostitis of the inferior, supe- 


rior, and lateral surfaces of the os calcis 
(Fig. 4-A). 
heel, as described by Roth, it may 
be necessary to build special shoes which will conform more nearly to the 
unusual shape of the posterior portion of the os calcis. Since many of the 
cases of painful heel are associated with flat feet, it is very important to 
institute the proper treatment for this condition. In a high percentage 
of the early cases, shoe corrections, properly applied, will afford partial 
relief of pain for an indefinite period of time, so that immobilization by 
means of casts is necessary only in the few persistent cases. 

In the treatment of spurs, Liberson and Pokorny have claimed 
excellent results following the use of deep x-ray therapy. 

Operative treatment is reserved for those advanced cases which fail 
to respond to the various conservative methods. The horizontal incision 
(Steindler), the J-shaped incision, or the U-shaped incision (Griffith) may 
be used to expose the inferior surface of the os calcis. Either incision may 
be extended up along the medial or lateral edge of the tendo achillis, so 
uS to expose the posterior and superior surfaces of the os caleis. In our 
hands the most satisfactory approach has been obtained through the 
U-shaped or the goblet incision. 
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The steps of the operation as used in this Clinic are described as 
follows: For inferior spurs, a flap consisting of skin and subcutaneous 
tissue is reflected anteriorly, and a transverse tenotomy of the plantar 
fascia (lig. 5) is made just distal to the tubercles of the os calecis. By 
means of an osteotome, the involved bone and periosteum are removed, 
and the surface of the bone is made smooth (Fig. 6). If the entire inferior 
weight-bearing surface is involved (Fig. 3-A and Fig. 3-B), it should be 
denuded and a smooth surface prepared as illustrated in Figure 7. For 


TABLE I 
RESULTS OF OPERATIVE TREATMENT: ToTaAL NUMBER OF OPERATIONS—35 


| Method of Operation Result 
Incom- Recur- 


Most 


Important ana | Good | Pale | Por | | = 
Factor * tions Excision Implantation up 

of Fascia A A AB 

Trauma..... A 2 2 

B 2 | 1 4 1 

Arthritis ..| 18 A 2 4 2 | 2 
B fal [2 | 

B fal fa 

Percentage... 40 42.9 | 11.4; 5.7 | 31.4 


| 


* Not infrequently several etiological factors were present in the same case. In this 
table is listed only that factor which is assumed to be of primary importance. 


periostitis of the inferior and posterior portions of the os calcis, a goblet 
incision is used (Fig. 8). All of the involved periosteum is removed, fol- 
lowing which the superficial surface of the underlying cortical bone is 
chiselled away. At the same time, the Achilles bursa is resected. In an 
occasional case, the periosteum on the posterolateral surfaces of the os 
calcis is involved; hence, those areas of bone also are denuded and made 
smooth (Fig. 8). Following the closure of the wound, plaster-of-Paris 
casts are applied over the foot and leg and maintained in position for at 
least three weeks. From seven to ten days after the operation, windows 
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are cut in the casts for the purpose of removing the stitches. Following 
the removal of the casts, the patient is kept at partial rest for a period of 
three weeks. During this time physiotherapeutic treatments are given 
and the patient is allowed gradually to resume weight-bearing with the 
aid of crutches. 

In an effort to prevent the recurrence of exostoses postoperatively, an 
alternative operation was used. This operation consisted of excision of 
the involved periosteum and soft tissues and covering the exposed surface 
of bone with fascia lata. 

Statistics: 

During the past eleven years, thirty patients have been treated for 
periostitis of the os calcis. Conservative treatment was given a fair trial 
in all cases but, since the periostitis was advanced in most instances, only 
fifteen patients received satisfactory relief from their symptoms. Thirty- 
five operations were performed upon the twenty cases (in five the condi- 


TABLE Il 


RESULTS OF SIMPLE Excision OF PERIOSTEUM AND SPUR COMPARED WITH EXcISsION 
PLus THE IMPLANTATION OF 


Results 
Method of Operation | a No. of 
erations 
I Good Fair Poor 
No. | Per Cent.) No. | Per Cent.| No.| Per Cent. 
One side— Excision alone 9 5 56 2 22 2 22 
Opposite — side—Excision 
and implantation of fas- 
cia lata... . 9 4 45 3 33 2 22 


tion was unilateral and in fifteen bilateral). The results of the operative 
treatment are classified as good, fair, and poor. The term ‘good result’’ 
signifies apparent cure with complete relief from symptoms; “‘fair result ”’ 
indicates approximately seventy-five per cent. of relief from pain; and 
‘poor result ”’ indicates little or no improvement. Table I shows good 
results following fourteen operations (40 per cent.), fair results following 
fifteen operations (42.9 per cent.), and poor results following four opera- 
tions (11.4 per cent.). 

After operation, thirty-one and four-tenths per cent. of the cases 
showed roentgenographic evidence of recurrence of spur or of extension of 
the periostitis (Fig. 4-A and Fig. 4-B). 

A fairly accurate evaluation of the merits of the combined procedure 
of excision and fascia implantation was made in a study of nine of the 
cases. In these cases approximately the same amount of periostitis was 
present on both sides and the pain was of about the same degree. On one 
side, simple denudation of the os calcis was performed; on the other side 
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the same procedure was carried out, and, in addition, transplants of fascia 
lata were placed over the denuded surface of the bone. A study of the 
end results in these nine cases shows approximately the same percentage of 
good and fair results after each method of operation. These findings 
(Table I1), therefore, do not warrant the addition of the latter procedure 
to the standard operation. 


SUMMARY 


A review of the etiology, pathology, diagnosis, and treatment of 
periostitis of the os calcis is given, and the results of operative treatment 
in a group of cases of very severe periostitis are presented. 
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THE EFFECT OF SYMPATHECTOMY AND OF VENOUS 
STASIS ON BONE REPAIR 


AN EXPERIMENTAL StTupy * 


BY PAUL E. MCMASTER, M.D., LOS ANGELES, CALIFORNIA AND 
NORMAN W. ROOME, M.D., CHICAGO, ILLINOIS 


From the Department of Surgery of the University of Chicago 


The following experimental studies were made to determine what 
influence lumbar sympathectomy and venous stasis exert on bone repair. 
A small series of experiments dealing with the influence of femoral-artery 
ligation and sciatic-nerve section on bone healing are also included. 


1. EFFECT OF LUMBAR SYMPATHECTOMY ON BONE REPAIR 


How does sympathectomy influence bone repair? Colp and Mage', 
studying clinical cases, did periarterial sympathectomies in recent frac- 
tures and in fractures with delayed union, and stated that union was more 
rapid in these cases as compared to a control series. Leriche®, in 1927, 
concluded from a series of eleven cases and from a survey of the literature 
that periarterial sympathectomy seemed indicated: in cases of delayed 
union of fractures when the cause is not syphilis, in secondary resorption 
of callus, in recurrent fractures, and in pseudarthrosis. 

Various observers (Bacq*, Cannon and co-workers‘, Bisgard®) have 
found that sympathectomy has no stimulating effect on bone growth in 
young experimental animals. Harris®, however, concluded from a num- 
ber of cases that it is possible by lumbar sympathectomy to accelerate 
the rate of growth in a child’s leg shortened by anterior poliomyelitis. 
Bisgard® failed to confirm this observation by studies on a half-grown 
monkey with open epiphyses and symmetrical residual paralysis of both 
lower extremities from experimental anterior poliomyelitis 

Palma‘ and Fontaine’ studied the influence of sympathectomy on 
bone repair in experimental animals and reported more rapid healing of 
the fractures in the sympathectomized limbs. Pearse and Morton’, 
and Key and Moore!®, however, concluded from their experimental work 
on animals that the sympathetic nervous system has a very slight or no 
effect in hastening osteogenesis. 


Experimental Work: 

Because of these conflicting views as to the influence of the sympa- 
thetic nervous system on bone growth and bone repair, the following 
experimental studies were made, a preliminary report of which has been 
published". Immediately following a left lumbar sympathectomy which 
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* Received for publication, August 7, 1933. 
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DOG No. 939 DOG No. 293 
Sympathectomized Control Sympathectomized Control 
side. side. side. side. 


a fj 


postoperative. Immediately postoperative. 


53 days after operation. 103 days after operation. 
Fig. 1 


The upper four roentgenograms show the amount of bone removed subperiosteally 
at the time of sympathectomy. The lower pictures show the more rapid healing of 
the non-sympathectomized sides. Healing was complete on both sides approxi- 
mately three weeks after the lower pictures were taken. 


included at least three and usually four ganglia and the intervening chain 
from the sacral promontory upward, equal segments, approximately 
one and five-tenths millimeters in length, were resected subperiosteally 
from near the upper end of the fibulae in nineteen dogs, after the method 
of Pearse and Morton’. In a second series of ten dogs, following the 
sympathectomy, a simple osteotomy was done at the upper end of each 
fibula. The fibulae were chosen as they are not essential to weight- 
bearing; hence splints or casts are not required. The animals had the 
usual freedom of the laboratory. 

Healing was studied by roentgenograms and was considered complete 
when bony callus had completely bridged the gap between the bone ends. 
In the first group, in which fibular segments had been removed, the 
wounds remained free from infection in twelve experiments, while seven 
dogs were discarded because of infection. Six of the twelve dogs pre- 
sented the unexpected finding of bilateral absorption of the ends of the 
fragments of the fibulae, although the same technique had been employed 
in these dogs as in those in which bony repair of the defect occurred. 
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DOG No. 836 


Sympathectomized Control 
side. side. 


There was at no time any 
evidence of infection to com- 
plicate the picture and the 
skin wounds healed promptly. 
Bone absorption at both ends 
of the fibular defect is continu- 
ing to take place six to sixteen 
months postoperatively, with- 
out any apparent attempt at 
healing, and the original de- 
fects of one and five-tenths 
millimeters have increased in 
length to five to ten milli- 
meters. Further studies are 
being made of this condition. 

Complete bony healing 
occurred in four of the twelve 
dogs, the average time re- 
quired being twelve weeks. 
In each there was more rapid 
healing on the non-sympa- 
thectomized side by an aver- 
age of two to three weeks 
(Fig. 1). One dog died of 
pheumonia seven weeks after 
operation. At the time of 


Three weeks after operation. 


death there was more bony Four months after operation. 
callus on the non-sympathec- Fia. 2 
tomized side, although the The upper two roentgenograms were taken 


bony defect was not com- three weeks after simple osteotomy of the fibula, 
and show some bone absorption at the fracture 


pletely healed. sites. The lower pictures show complete bridg- 

Fibular fragments were ing of the bone defect on the non-sympathec- 
tomized side; the sympathectomized side is not 
excised from another dog in completely healed. 
which a left lumbar sympa- 
thectomy had been done six months previously. The defects were re- 
paired after seventy-four days; no difference was noted in the healing 
time between the sympathectomized and the control sides. 

In the second group of ten experiments in which simple osteotomies 
of the fibulae were performed, four dogs were discarded because of wound 
infections. Three died from distemper thirty-one, thirty-three, and 
fifty-three days, respectively, after operation. At the time of death there 
was no essential difference in the amount of bony callus present on the 
sympathectomized and control sides in any of the three. One of the re- 
maining three dogs showed definitely a more rapid healing on the non- 
sympathectomized side at the end of four months when compared to the 
opposite side (Fig. 2), while in two dogs the fibulae were equally and 
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DOG No. 897 DOG No. 817 
Non-ligated side. Non-ligated side. Ligated side. 


Ligated side. 


Immediately postoperative. 


Immediately postoperative. 


é 


31 days postoperative. 76 days postoperative. 
DOG No. 810 DOG No. 890 
Ligated side. Non-ligated side. Ligated side. Non-ligated side. 


18 days postoperative. 23 days postoperative. 
| 
Excised fibulae, 90 days postoperative. 120 days postoperative. 
Fig. 3 


Roentgenograms showing the amounts of bone removed at operation in four 
animals, and the effect of venous ligations on the healing of the defects. There was 
more rapid healing on the ligated side in all four cases; in the fifth case of this 
series the defects healed simultaneously. 
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completely healed at sixty-eight and eighty days, respectively, after 
operation, 
2. EFFECT OF VENOUS STASIS ON BONE REPAIR 

Pearse and Morton” have reported that bone healing proceeds more 
rapidly in the presence of venous stasis. 

In the present experiments eleven dogs were used to determine the 
effect of venous stasis on bone repair. In each, the femoral vein on one 
side was isolated in the upper thigh and sectioned between ligatures, 
proximally to the large circumflex branches. In five dogs segments, each 
approximately one and five-tenths millimeters in length, were then re- 
sected subperiosteally from near the upper end of each fibula. In the 
other six animals simple osteotomies were done near the upper end of 
ach fibula. Some of the dogs showed a marked oedema on the ligated 
side, while in others only slight, if amy, oedema resulted. Splints or 
casts were not used. Healing was determined by roentgenograms 
and considered complete when bony callus had entirely bridged the 
defect. 

Three of the animals in which segments had been removed exhibited 
absorption of the fragment ends as previously mentioned. Of the other 
two, one showed equal healing of the two sides after eighty days; while in 
the second there was more rapid healing on the ligated side which was 
complete sixty-four days after operation; healing on the non-ligated side 
occurred two weeks later. One of the six dogs on which simple osteoto- 
mies were done died of distemper too soon after operation to give positive 
information. Of the remaining five, four showed more rapid healing 
on the ligated side (Fig. 3). The average period on this side was seventy- 
Healing on the non-ligated side in this group required from 


nine days. 
The fifth showed healing of the bone defect 


two to four weeks longer. 
on each side fifty-one days after operation. 


3. EFFECT OF NERVE SECTION AND OF ARTERIAL LIGATION 
ON BONE REPAIR 


In three dogs the left sciatic nerve was sectioned in the proximal por- 
tion of the thigh and equal segments were then removed subperiosteally 
from near the upper end of each fibula. None of these showed any dif- 
ference in the healing time of the two sides. 

The femoral artery on the right side in one dog, and that on the left 
side in another, was isolated in the proximal thigh and sectioned between 


two ligatures. Following this, simple osteotomies were done at the upper 


end of each fibula. In both dogs healing was equal on the two sides. 
From previous experimental observations after ligation of the femoral 
artery in dogs, it has been noted that there is a rapid establishment of 
collateral circulation in the thigh; therefore, no effect on bone repair was 
to be expected from this procedure. 
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DISCUSSION 

Experiences have shown, both clinically and experimentally, that 
more pronounced and more lasting effects—such as increased warmth 
and dryness of the skin—result from ganglionectomy than from periar- 
terial sympathectomy. Yet, with the increased arterial hyperaemia 
resulting from lumbar sympathectomy, this procedure did not hasten 
the repair of bone in the experiments described. In half of the uncom- 
plicated experiments here mentioned, healing was actually retarded, 
when compared to the non-sympathectomized side. The results of these 
experiments, as well as those of Pearse and Morton’, and Key and 
Moore", cast doubt on the advisability of doing any type of sympa- 
thectomy in an attempt to hasten bone repair in clinical cases. 

Harris © listed the following clinical conditions which have caused 
an increased longitudinal growth in the affected limbs of children: syno- 
vial tuberculosis, hemangioma of the leg, Brodie’s abscess of the upper 
end of the tibia, giant-cell tumor of the tibia, femoral and iliac threm- 
bosis, recurring hemarthrosis of the knee from hemophilia, chronic os- 
teomyelitis of the femur, severe trauma to soft parts with resultant and 
prolonged infection and ulceration, and fracture of the femur. The re- 
sults of our experiments, in which venous stasis hastened the repair of 
bone, confirm similar observations made by Pearse and Morton”. In 
the diseases just listed, as well as in the experimental work, there are all 
stages of congestion from a sluggish circulation to a marked venous stasis. 
Hence it appears that bones grow more rapidly and heal more promptly 
in the presence of venous congestion. Following lumbar sympathec- 
tomy, there is present an arterial hyperaemia with an increased blood 
flow and no venous stasis or sluggishness of circulation; consequently, 
this procedure would not be expected to have the same stimulating in- 
fluence on bone growth or repair as venous ligation. 


CONCLUSIONS 
1. Experimental lumbar sympathectomy in dogs did not hasten 


bone repair; in the majority of cases bone healing was retarded. 
2. Experimental venous stasis in dogs hastened bone repair. 
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A METHOD FOR THE INTERNAL FIXATION OF 
TRANSCERVICAL FRACTURES OF THE FEMUR *7 


BY H. HEYWARD WESCOTT, M.D., F.A.C.S., ROANOKE, VIRGINIA 


The internal fixation of transcervical fractures of the femur is possible 
through a small incision over the lateral aspect of the femur. With the 
Smith-Petersen nail as the fixing instrument, the total operating time 
is from six to fifteen minutes. The operation produces a minimum 
amount of shock and allows immediate active use of the joint, preventing 
the usual complications expected from a prolonged period of fixation and 
recumbency. The details of the procedure, together with a résumé of the 


first twelve cases, follow. 


DETAILS OF THE PROCEDURE 
Immediately following admission to the hospital, a Buck’s extension 
is applied to prevent muscle spasm and overriding of fragments, and to 
lessen shock. Following a short period of rest, the forward angle, or 


Fig. 1 


A. Measuring rod. B. Roentgenogram protractor. C. Bone protractor. 


* Received for publication, August 10, 1933. 
} This paper, with report of eighteen cases, was presented at the meeting of the 
American Academy of Orthopaedic Surgeons, Chicago, Illinois, January 9, 1934. 
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I 1G.3 40 
Roentgenogram 
showing su- 
perimposed on tro- 
chanter, with 
degree of angula- 
tion of tube noted 
Fria. 3 

on film. 


oe angle of anteversion de- 
T/ termined with a portable x-ray 
machine in the patient’s room. 
Position of cassette and roentgen-ray tube in The tube of the x-ray machine 
to determine the is placed on the side of the 
fractured hip with the focal 

point directed toward the center of the normal hip. A cassette is held 
in place against the normal hip at right angles to the rays of the tube 
(Fig. 2). Several roentgenograms are made, imprinting on each nega- 
tive, with lead numerals, the angle made between the roentgen rays and 


Fig. 2 


a line through the lower con- 
dyles of the femur. The num- 
ber on the negative showing 
the head superimposed on the 
trochanter denotes the forward 
angle (Fig. 3). This is the 
number of degrees the condyles 
or femoral shaft must in- 
ternally rotated to flatten the 
neck (Fig. 4). The forward 
angle has been found to vary — 

from five to thirty degrees 

The normal hip internally rotated twenty 
in different individuals. The degrees to flatten the neck. 

angles, however, are the same 

on the two sides in each individual, unless there has previously existed 


some disease or injury to one of the hips. 
The exact length of the nail neces- 


sary to transfix the fragments should be 

' ascertained as soon as the forward angle 
—___} is determined. An x-ray film is placed 
under the normal hip (Fig. 4). (To make 


: Dp ae the film lie flat, the sagging of the bed 
ad should be corrected by boards if neces- 
; F sary.) The tube is then centered over 
the hip, and the femur internally rotated 
the required number of degrees to cor- 
rect the forward angle. The measuring 
rod (Fig. 1 and Fig. 5) is strapped with 
adhesive to the trochanter; a negative 


Fie. 5 
Side view of Fig. 4, showing meas- 
uring rod strapped against trochanter. 
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is made (Fig. 6). The distance from a to 6 is superimposed over the rod 

shadow c to d, and the exact length of the nail necessary to fix the frag- 
The nail is then made for the individual case. 

It is to be remembered that, 

while the point of the blades 


must penetrate the proximal 7% 
fragment deep enough to give y/ 


ments is determined. 


stability without encroaching 
upon the cartilage, the head 
of the nail should extend one- 
fourth of an inch beyond the A 
cortex to make easy the ex- 

Fie. 6 traction of the nail at a later 
Roentgenogram of date. The line a—b should, 


Fic. 7 
Figs. 4 and 5, showing 


shadow of hip and of 
measuring rod. Line 
a-b superimposed over 
measuring rod deter- 
mines the length of the 
nail. 


therefore, extend outside the 
cortex of the shaft of the femur 
for about one-fourth of an inch. 

Twenty-four to forty- 
eight hours later, without re- 


Roentgenogram 
protractor superim- 
posed over roentgeno- 
gram of fractured hip 
after reduction, to de- 
termine angle of neck 
with shaft. Reading 
is made at 


leasing the pull of the Buck’s extension, the patient 
is removed to the operating room. 
Operation: A flat Bucky diaphragm or tunnel is placed under the 
fractured hip and the x-ray tube 
is centered over the hip. The 


 — Bucky diaphragm or tunnel makes 
3 : possible the taking of stereoscopic 
: roentgenograms and the changing 


of plates without the necessity of 
lifting the patient for the insertion 
of each film. Under a_ suitable 
anaesthetic, 

the Buck’s 
extension is removed and the fracture is reduced 5/ 


8 


Small incision over trochanter. Nail 
started. 


by internally rotating the femur and gently flex- 
ing it at the hip two to three times. While flexing 
the thigh, sufficient traction is made to counter- 
balance the weight of the thigh. After this 
manipulation, the leg is extended in internal ro- 
tation. No abduction is necessary, as it may pro- 
duce a valgus deformity. An assistant then holds 
the femur internally rotated the number of degrees 
required to correct the forward angle, until the 
operation is completed. Stereoscopic roentgeno- 
grams are made to prove reduction. If reduction 
is complete, an incision, two and one-half to three 
inches long, is made over and below the trochanter. 


Fia. 9 


Bone protractor 
against shaft. Lever set 
at the same degree as 
determined in Fig. 7. 
Nail inserted in line 
with the lever of the 
bone protractor. 


| 
| 
4 
| 


TRANSCERVICAL FRACTURES OF THE FEMUR 375 


One-half inch below the vastus muscle, a small hole is bored into the bone 
and, with an osteotome, narrow slits are made to receive the blades of the 
nail (Fig. 8). The roentgenogram protractor (Fig. 1, b) is placed over the 
roentgenogram taken after reduction, with its base along the shaft, 
one-half inch below the vastus muscle, and the lever is made to correspond 
with the center of the neck (Fig. 7). The reading of the number of 
degrees of angulation of the neck with the shaft is made at c and the bone 
protractor is set at a like angle and clamped. The nail is driven into the 
flattened neck at the angle indicated by the lever of the bone protractor 
(Fig. 9). The fracture is impacted and the wound is closed. Stereo- 
scopic roentgenograms may be made if desired to check the course of 
the nail. 

The twelve cases herein reported constitute the total number of 
fractured hips admitted to the hospital within a period of one year. The 
end results in three more recent cases will be included in a later report. 
The method of fixation, as described, was used in each case irrespective 
of age or general condition. In spite of the fact that several of the 
patients were poor surgical risks, there were no deaths that could be 
attributed to the operation or its after-effects. No added external fixa- 
tion was applied except in Case 12, in which case a Buck’s extension was 
used for four weeks because of the marked comminution and fragmentation 
of the bone. Though internal fixation is contra-indicated in intratro- 
chanteric fractures, it was used in Case 6. The patient’s physical and 
mental condition was such that external fixation and inactivity would 
not have been tolerated. All other cases were allowed immediate free 
active use of the leg without weight-bearing. A wheel chair was used 
within twenty-four to forty-eight hours after the operation, and crutches 
were allowed after a few days, except in those cases showing a marked 
senile dementia or general weakness. 

In Table I ‘‘ Motions, normal”? means a full range of motion as 
compared to the normal hip. ‘Normal gait’’ means the complete 
restoration of function and the impossibility of being able to distinguish 
between the fractured and the normal hip by seeing the patient walk. 

In explanation of the poor results as shown in Table I, the following 
notes are included: 


Case 2. Bed-ridden, fell from bed, received transcervical fracture four months prior 
to operation. Operation to relieve pain and muscle spasm. 

Case 3. Marked senile dementia. Continued to walk against advice after fixation 
Second operation: nail and bone graft. Limited internal rotation. Walks with limp 

Case 6. Intratrochanterie fracture. Condition would allow no other means of 
fixation. 

Case 8. Bed-ridden for eighteen months. Thoroughly septic from large decubitus 
over sacrum. Fixation to allow turning in bed. Died ten days after operation from 


sepsis. 
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firm bony union, shortening 


11 
Note 
ion of nail head beyond cortex. 


Fic. 


Two months later. 
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After insertion of nail and impaction of fragments 


Fia. 


Case 9. 
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Case 10. Marked senile dementia. Blood pressure 280. Against advice, at- 
tendants allowed patient to walk on fifth day after each operation, disrupting fragments. 

Case 12. Marked comminution of femoral neck necessitated a longer period of 
rest in bed and delayed weight-bearing. 


CONCLUSIONS 
1. Recent transcervical fractures of the femur may be reduced and 
transfixed by a surgical procedure requiring six to fifteen minutes. 
2. The shock of a major operation is eliminated. 
3. External fixation is unnecessary. 
4. After but a few hours the patient is ready for a wheel chair or, if 
so disposed, may at once enjoy the use of crutches. 
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FRACTURES OF THE RADIUS AND ULNA. A NEW 
ANATOMICAL METHOD OF TREATMENT * ¢ 


BY ROGER ANDERSON, M.D., F.A.C.S., SEATTLE, WASHINGTON 


The complex anatomy of the forearm has previously interfered with 
reduction and end results of fractures of both bones of the forearm; but, 
when these same obstructing parts are approached physiologically, they 
become fundamental to the support of a new fracture therapy. The basic 
principle of this new anacomical method of treatment is a specialized form 
of double skeletal transfixion, operated in conjunction with a miniature 
fracture table, by which agencies reduction and immobilization are auto- 
matically obtained. Open operation is routinely advocated by many 
authorities; but, even after surgical reposition, the final reduction and 
function are often far from satisfactory. We believe, therefore, that this 
method, a closed procedure, is a decided step toward our ideal of fracture 
treatment,—maximum function in minimum time. 

Under previous modes of treatment, the wide range of joint hyper- 
mobility of the normal forearm augmented the difficulties of immobiliza- 
tion, and the small size and structure of the bones were also a source of 
fracture difficulty. As the ulna is the larger bone of the upper forearm, it 
is the main osseous segment, while the reverse is true at the wrist. The 
fact that the radius alone articulates at the true wrist joint and projects be- 
yond the ulna has important clinical significance (Fig. 1). The interosse- 
ous space is at its maximum width in supination, while in full pronation 
the radius nearly contacts the ulna (Fig. 1). Cognizance of this will pre- 
vent misinterpretation of the check-up films. It seems rather inexplicable 
that other skeletal methods omitted consideration of the well known fact 
that in rotation the radius alone moves, while the ulna remains stationary. 

Coordination of normal anatomical function with mechanical manip- 
ulation is the basis of this closed technique which does not depend on the 
usual skeletal traction but on a specialized form of double transfixion. 
The proximal insertion through the ulna supplies both counterextension 
and fixation. Hence, it becomes not only the direct means for fixing the 
ulna, but indirectly, through the strong interosseous membrane and the 
orbicular ligaments, it is also the agent of immobilization for the upper 
radial fragment (Fig. 1); while, correspondingly, the distal half-pin, 
although transfixing only the radius, also holds the lower ulnar fragment 
through the articular disc, the interosseous membrane, and the ligaments 
of the radio-ulnar joint. 

Partial transfixion at the wrist is the key factor in restoring an- 
atomical relationships and preserving physiological function. To meet 
these specifications and to obtain supination, traction, and immobilization 


* Read before the Annual Meeting of the Pacific Northwest Orthopaedic Society, 
Portland, Oregon, September 16, 1933. 
+ Received for publication, August 23, 1933. 
379 


380 ROGER ANDERSON 


a special half-pin has been devised (Fig. 6-p). This pin is short-tapered 
but sharp-pointed to permit passage by hand pressure alone. It. is 
fashioned with two squared flanges or collars, the inner flange placed so 
that the depth of insertion into the radius may be correctly gauged, the 
outer flange forming a buttress which, when placed against the horseshoe, 
insures anatomical rotation. The collars are square in shape, so that 


Humero-radial 


joint 


‘joint 


Superior 
Radio -ulnar 
joint 


Radius 


Interosseous 
|—_ membrane 


y — Radio-ulnar 


joint 
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Fig. 1-B 


Fig. 1-A 
Anterior view of right forearm in 
supination. Note width of interos- 
seous space, also elongation of radius 
at the wrist. 


Same view in pronation, with con- 
sequent transposition of half-pin 
from the lateral to the medial side. 


when they are incorporated in the cast the half-pin can neither move nor 
turn. Furthermore, sidewise slipping of the radius on the half-pin is 
rendered impossible by the use of a flexible aluminum cuff, U-shaped in 
order to slip over the distal end of the forearm from the ulnar side (Fig. 
6-g). The cuff is fastened to the horseshoe by a removable stud pin. 


DESCRIPTION OF FRACTURE TABLETTE 
Reduction is practically obtained automatically with a small appara- 
tus, a miniature fracture table, which aligns the fragments mechanically, 
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a. Duraluminum frame. 


Fig. 2 
The automatic splint. 
] Hand-rest nut. 


b-b’. Horseshoe bases, source of rotat- 1’. Bracket bolts by which single 


ing and sidewise movement. 


standard base is attached. 


c. Sliding end bracket. 0. Ulnar transfixion. 

c’. Stationary end bracket. p. Half-pin. 

d-d’. Rotation lock nuts. r-r’. Sidewise lock nuts. 

Traction rod handle. 8. Stud pin. 

q. Rubber-lined aluminum cuff. z. Hole drilled in frame into which 
h-h’. Aluminum horseshoes. horseshoe bases can be fitted for 
. Adjustable hand rest. use in fractures of the leg. 


while permanent retention is maintained by incorporating the pins. This 
reduction device, only twenty-four inches long, is constructed of aluminum 
(Fig. 2). Thumb nuts (d-d’) lock the horseshoes in any degree of rotation, 


nuts (7-r’) hold the 
fragments in either 
adduction or abdue- 
tion, while the trac- 
tion nut (f) provides 
traction. The 
hand rest (7) is ad- 
justable and easily 
removable later 
from the cast. To 
facilitate tilting and 
also fluoroscopic 


xXADIUS 
b ULNA 
Fig. 3 


Lateral view of right forearm in supination, depicting 
points of transfixion: a. Site for insertion of half-pin in radius; 
b. Proximal insertion of ulna; c. Site for third pin when 
complicated with a fracture of the olecranon; d. Transfixion 
point of humerus for the unusual case. 
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Fig. 4-E 

Steps in routine reduction. 
Fig. 4-A. Double transfixion. 
Fig. 4-B. Placement of forearm in splint. 
Fig. 4-C. Application of upper segment of cast followed by manipulation and 

x-ray examination. 
4-D. Completion of circular cast, incorporating half-pin. 

E. Removal of casted arm from splint and further covering of pin ends. 


examination a single standard base has been substituted for the legs 
formerly used. 

Every effort has been made to perfect a practical apparatus. The 
long traction screw rod and a more slender half-pin make it possible to 
use the same apparatus for children. Horseshoes of different material 
or width may be substituted, at the same time preserving the mechanical 
rotation, full 360 degrees, on the identical normal axial line. By removal 
of the end brackets, the frame is convertible into an automatic splint for 
leg fractures. As only durable and rustless metals are used in its con- 
struction, the whole apparatus may be sterilized in the autoclave. 
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REDUCTION 

Routine Technique comprises the following essential steps (Fig. 4): 

1. Hypodermic, roentgenograms, local anaesthetic, and inser- 
tion of pins. 

2. Installation of forearm in apparatus. 

3. Application of upper segment of cast, incorporating superior 
pin, followed by mechanical reduction and x-ray check-up. 

4. Completion of cast, incorporating distal half-pin. 

5. Removal of casted arm from apparatus and covering of pin 
ends with plaster. 

1. Pin Insertion (Fig. 4-A). The forearm is carefully prepared for a 
distance of several inches above the elbow and below the wrist. By 
rotary hand pressure alone, the thin pin is forced through the skin and 
the upper end of the ulna at a point about three fingers distal to the tip 
of the olecranon (Fig. 3-b). The half-pin is inserted through the center 
of the radius from its lateral aspect, about two fingers’ breadth superior 
to the tip of the styloid process (Fig. 3-a). It is forced in until the inner 
flange is about a quarter of an inch from the skin, the intervening space 
filled with three-inch gauze dressings and similar dry dressings are spiked 
over the superior pin. A layer or two of non-sterile sheet wadding is 
wrapped from the axilla to the knuckles, although an unpadded cast may 
be used. The cuff is next slipped above the wrist from the ulnar side, 
bending it to fit snugly over the padding. 

2. Installation of Forearm in Splint (Fig. 4-B). It is imperative 
that the forearm rest easily in the apparatus, accomplished by tilting the 
apparatus so that the distal horseshoe is raised well above the level of the 
elbow. The shoulder on the injured side should project over the edge 
of the table. The outer flange of the half-pin is placed against the horse- 
shoe, and the stud pin is fastened so that the cuff holds securely against 
the forearm. The superior pin is fastened so that the elbow lies in 
the center. 

3. Application of Upper Segment of Cast Plus Mechanical Reduction 
(Fig. 3-C). With the elbow at right angles, a section of the cast, incor- 
porating the pin, is applied from the axilla to within a few inches below 
the upper pin, thus preventing the elbow from sliding on the pin. The 
fracture is now mechanically manipulated and the clinical reduction, 
including the position of the half-pin, is roentgenographically checked. 
If the half-pin projects through the radius and impinges on the ulna, 
correction is made by loosening the nut holding the stud pin; then the 
distal forearm is gently slid ulnarly away from the inner flange. 

4. Completion of the Cast (Fig. 4-D). The snug-fitting cast, incor- 
porating the pin and flanges, is extended to the knuckles. 

5. Removal of Casted Arm from Apparatus (Fig. 4-E). When the 
plaster is set, the pins are released from the splint and their exposed ends 
corked and held by plaster bandage. The stud pin is unscrewed, the 
threaded hole left uncovered. The entire cast from end to end is split 
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6 


Attachments. 
g. Flexible aluminum rubber-lined cuff. gq. Horseshoe base swiveled for side- 


“ Kiddie-Kar”’ spoke. wise movement and racked for ro- 
l. Pin handle. (This article can be tary movement. It can also be 
purchased at the Ten-Cent stores. ) fitted to side bracket or directly into 
m. Stainless steel horseshoes for Kirsch- frame of splint (Fig. 2-z). 
ner wire, spoke or pin with attached _ s. Detachable stud pin. 


wire tightener. Horseshoe can be ¢. Expanded “‘tautner’’. 
fitted into either usual end bracket  ¢’. Contracted “tautner”’ showing full- 


or the side bracket. length slot. 
Half-pin with attached flanges. u. Side bracket, which permits reduc- 
tion with elbow in full extension. 


p. 
down to the sheet wadding, and spread open on the first symptom of cir- 
culatory interference. 

AFTER-CARE 

An outstanding feature of convalescence is the immediate am- 
bulation. 

One of the chief objectives of repeated roentgenograms is to check 
direct end-to-end pressure contact. Separation, due to overtraction or 
subsequent absorption—especially in transverse fractures—is a serious 
finding demanding immediate attention. Correction is made by fenes- 
trating the cast just below each respective end of the ulnar transfixion, 
so that the pin can be displaced distally and reincorporated. Another 
procedure is the removal of a complete circular section of the cast, of 
sufficient thickness to ease the traction. It is better to obtain contact 
even at the cost of some shortening and misalignment, for separation, 
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especially in adults, is a common cause of that dreaded delayed union 
or non-union. 

Should the cast become loose, a longitudinal section may be removed 
or a new cast applied. Angulation may be corrected by wedging or 
fenestrating the cast over the deformity and bandaging down a piece 
of soft felt. 

Too much emphasis cannot be placed on the imperativeness of main- 
taining joint function. If full finger movement be insisted upon from the 
first, physiotherapy, which all too frequently delays or refractures the 
union, may be postponed until sufficient callus is present. 


Fie. 8 


Compound fracture reduced with wire through ulna, employing stainless steel 
horseshoe and side bracket. With the aid of ‘“‘tautners’’ the wire was kept taut 
without the need of incorporating horseshoe in cast. 


To remove the pins, time varying from the second to the sixth week, the 
‘ast is first freed from around the cuff, and, upon its removal, a circular hole 
is cut out around the half-pin, after which it is pulled out laterally with its 
enmeshed island of plaster. A four-inch hole is then made around the 
lateral end of the superior pin which is removed after cleansing. The 
usual slow rate of healing and the proneness to refracture call for splint 
protection over a long period of time. 


OPTIONAL TECHNIQUES 


A Kirschner wire, or better siill a wire made from a ‘‘ Kiddie-Kar”’ 
spoke, has been used successfully to replace the superior pin (Fig. 6). 
In order to tighten the wire a stainless steel horseshoe (m) is utilized, which 
is quickly fitted into the base (q) by removal of the nut (x). Moreover, 
expanding “‘tautners’’ (¢ and t’) have been devised to keep the wire or 


- 2 
‘ | — = 
tere ‘A 


FRACTURES OF THE RADIUS AND ULNA 389 


spoke taut, without the need of incorporating the horseshoe in the cast. 
These ‘‘tautners’’ are slotted so that they can be slipped onto the wire 
from the side, where they are fastened by set screws. 

Superior transfixion may be dispensed with, provided that the arm is 
thin and that the surgeon is proficient with plaster. In this event the 
upper section of the cast is applied with the elbow at right angles and, 
when set, fastened to the center of the horseshoe by a plaster bandage. 
The remaining technique is then carried out as usual. If skin lesions or 
compound wounds interfere with the usual site of transfixion through 
the upper end of the ulna, the wire or pin may be put through the olec- 
ranon or the lower end of the humerus (Fig. 3-c, d). 

When exigencies demand, the forearm may be reduced with the 
elbow in full extension by substituting a side bracket (Fig. 6-~) for the end 
bracket (Fig. 2-c’). 

Compound Fractures: Fresh compound fractures that are not ex- 
tensive are economically debrided and closed by primary suture. For the 
more extensive cases that cannot be closed Orr’s vaselin-gauze method is 
preferable, while cases received late for treatment and old cases with 
complications may be equally 
well cared for by either Orr’s 
method or Baer’s maggot treat- 
ment. Furthermore, this new 
splint lends itself admirably to 
chemico-irrigation, as the fore- 
arm may be left fully exposed 
in the splint. If the wound 
is in the center, pins may be in- 
corporated in their respective | 
small plaster segments, leaving 
the central portion free for | | 
chemical lavage. Should com- 
plications develop, with a fore- 
arm already encased in plaster, 
the technique may even be re- 
versed and the casted forearm 
replaced in the splint and the 
plaster partially or entirely 
removed without any _ inter- 
ference with reduction. In 
brief, whichever type of treat- 
ment fulfills the need, treat- 
ment of the fracture is never a 
secondary issue to soft-tissue 


repair. 
Traumatic Soft-Tissue Graphic representation of treating a fracture 
of the ulnar shaft with the use of a towel clamp. 


Complications: Extensive in- See text for details. 
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tegumentary injuries, with loss of skin or muscle, which naturally pre- 
clude plaster immobilization, can now be treated by leaving the fore- 
arm in the splint with the fragments immobilized. Furthermore, as the 
apparatus is not attached to the bed, the patient may be moved to the 
operating room without disturbing reduction. Again it is evident that 
healing of the osseous and integumentary tissues takes place simulta- 
neously. 

For non-union and malunion conditions the splint is autoclaved and 
the arm prepared from the axilla to the finger-tips. Plastic surgery may 
either precede or follow clamping of the forearm in the apparatus, as all 
the mechanical adjustments can be performed in an aseptic manner. 

If an olecranon fracture complicates a fracture of both bones of the 
forearm, all may be simultaneously treated, the olecranon separation 
being reduced by a new flexion method!. The only additional technique 
is to insert a third pin or wire through the superior olecranon fragment. 
After the forearm has been placed in the splint, with elbow at right angles, 
traction applied to this third pin accomplishes olecranon reduction. 
Then the upper segment of the cast 
is routinely applied, incorporating 
both the upper pins, whereupon the 
forearm fracture is reducible in the 
regulation manner. 

When a fracture of the humerus 
complicates a fracture of both bones 
of the forearm, the upper pin serves 
in a dual capacity: countertraction 
for the forearm fracture and the 
skeletal traction for reducing the 
fracture of the humerus. 

Fractures of the radial shaft 
alone not infrequently resist the 
usual manipulatory means, espe- 
cially those in the distal forearm, 
because the pronator quadratus pulls 
the lower fragment medially against 
the ulna. These readily respond to 
our routine technique. 

A fracture of the shaft of the ulna, 
not complicated by a radial fracture, 
and unreducible by manipulation, 
‘an be controlled with the aid of a 
pin or towel clamp (Fig. 9). Since 
the dorsomedial edge of the ulna 
normally lies just subcutaneously, | 
the displaced fragment can be Fic. 11 
grasped and brought into position Immediate ambulation illustrated. 
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with a large towel clamp or single-toothed uterine vulsellum. Skin 
preparation is the same as for a pin, and the clamp is incorporated in 
plaster where it remains until a supporting callus has been laid down. 
The arm is generally casted with the hand in pronation and the elbow 


at right angles. 
GENERAL CONSIDERATIONS 


This new method for fractures of both bones of the forearm, while con- 
forming to anatomical principles and operating on physiological bases, has 
many advantages, the chief of which are the ease of obtaining and the 
positiveness of holding the reduction. 

Reposition is readily effected even under local anaesthesia, for the 
apparatus overcomes all muscular contraction so smoothly and painlessly 
that the patient’s apprehension is soon allayed. Since this process is 
practically automatic, skilled assistance is obviated. 

The high percentage of successful reduction of these difficult fractures 
is attributable to the specialized form of double skeletal transfixion which, 
when operated with the automatic tablette, provides a quick, yet never 
varying, means of mechanically obtaining extension, rotation, and ab- 
duction or adduction. Therefore, this process is a prophylaxis against 
open operations and should lift the veil of pessimism which clouds the 
literature on this subject. 

Rotation manipulation is normally accomplished through the efficacy 
of the half-pin, and so perfected is the construction of the machine that 
the axes of rotation correspond regardless of angle or location of pin 
insertion or of difference in type of horseshoe. Furthermore, reduction 
‘an be carried out with the elbow in either flexion or extension, with the 
assurance of no variation in the axes of rotation. 

Without deviating from the basic principles of this anatomical double 
transfixion mode, a variety of procedures are available, ranging from the 
usual all-plaster cast, padded or unpadded, to complete exposure of the 
forearm fixed in the tablette throughout convalescence. This latter 
form of fixation permits the removal of the patient to the operating room 
or to the x-ray room, should the hospital be unequipped with a portable 
machine. As plaster retention allows immediate ambulation following 
a brief hospitalization, required only for reduction, many patients can 
return immediately to work of a supervisory nature. This capacity to 
avoid confinement, the discomforts of adhesive traction, and the dangers 
of open reduction, added to the economic saving, is a benefit of great value. 

As inferred, the technique is so elastic as to fit the individual case, 
and multiple fractures of the arm may be treated with only a slight addi- 
tion to routine measures. The regulation superior transfixion is simul- 
taneously utilized in treating forearm fractures plus a complicating fracture 
of the olecranon or a fracture of the humeral shaft. Routine technique 
also replaces radial-shaft fragments, when the ulna remains unbroken. 
Wide preference is permitted in technique for compound fractures, from 
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i Orr’s occluding cast to complete exposure of the forearm in the splint 
for chemico-irrigation. 

The size of the tablette has decided value, because the whole splint 
may be sterilized in the autoclave, thereby providing an entirely new 
surgical approach for conditions of non-union or malunion. 

From the roentgenographic point of view, the apparatus is most 
successful. No metal obstacles interfere with visualization during 
fluoroscopic or film examination. This verification of reduction preceding 
cast immobilization saves both time and later embarrassment. 

Both after-care and hospitalization are reduced to the minimum. 
Of primary import is the fact that fixation is guaranteed by the incor- 
porated transfixion. It naturally follows that hospitalization with 
frequent visits is unnecessary with a system which requires no daily 
time-consuming adjustments. The pins, when firmly incorporated, are 
a source of little, if any, pain. As the patient is comfortable, very little 
attention is indicated, except an occasional office call for roentgenograms. 

The difficulties generally encountered in treating these fractures 
are met by substituting the precision of the machine for the variable 
human element. 


SUMMARY 


An anatomical method, a closed process for treating fractures of both 
bones of the forearm, has been detailed. By a specialized double skeletal 
transfixion, in conjunction with a miniature fracture table, mechanical 
reduction and positive fixation are automatically achieved, a decided 
step toward our goal in fracture therapy,—maximum function in min- 
imum time. 


1. ANpDeERSON, Roger: Olecranon Fractures, Treated in Flexion Position. (In course 
of preparation.) 


ULTIMATE ANATOMICAL MODIFICATIONS IN 
AMPUTATION STUMPS 


BY C, G. BARBER, M.D., CLEVELAND, OHIO 


Laboratory of Anatomy, Western Reserve University 


INTRODUCTION 


These notes upon the dissection of fourteen amputation stumps were 
made with the desire to identify precisely the changes undergone by the 
soft tissues in the stump and the relation of these changes to those pro- 
duced in the bones. They bring to a conclusion the series of studies re- 
ported in References 1, 2, and 8. Our material is recorded in Table I; 
the protocols are recorded in the laboratory but omitted here for the sake 
of brevity. 

TABLE I 


DissecTED AMPUTATIONS (HUMAN) 


Site Number Specimen No. 

1456, R, L. 

Thigh. ... 1519, L; 1332, L; 
1686, R; 1991, R. 

Leg. 5 1800, R; 1471, L; 
1995, L; 1697, R, L. 

Poot..... 1471, R. 

14 


DissecTED AMPUTATIONS (Rats) 
Site Number Specimen No. 
Fore limb. ........ 495, R, L; 436, R, L. 


CHANGES IN MUSCLE 

The most striking single fact illustrated by the muscles of these four- 
teen stumps is their persistence as well nourished functional units, except 
where local trauma has resulted in their destruction or fibrous transforma- 
tion. The atrophy of muscles in amputated limbs is strikingly different 
from that seen in cases of infantile paralysis, leprosy, and brawny oedema, 
which we have had the opportunity to dissect. In these disorders the 
muscular tissue is pale and bleeds very little on section. It is largely 
transformed into fibrous tissue with an increased amount of intermingled 
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fat, the result probably of primary changes in the vascular supply. In 
spastic palsy, on the other hand, the atrophy is even less in amount than 
in surgical amputations and, as in the latter, there is slight if any vascular 
change. 

In amputations through the lower limb or through the elbow, atrophy 
is not a marked feature. In our amputations above the elbow there was 
considerable diversity in extent of atrophy, for which the cause is not 
evident. Some show little or no atrophy; in others the atrophy is accom- 
panied by a glazed and reddened skin, associated during life with angio- 
neurotic signs,—such as sensations of cold and even ulceration. 

The neuralgic pain in amputations below the knee has been ascribed 
to vigorous growth of the fibular remnant, and this indeed may occur. 
Our dissections, however, show that the fibular head slips downward 
from its mooring on the tibia and thus projects the fibular shaft into the 
subcutaneous tissue of the stump. This does not occur if an osteophyte 
locks the free fibular end to the tibial fragment. 


APPEARANCE OF THE BLOOD VESSELS 


The commonly accepted statement that blood vessels, when ligated, 
become obliterated and converted into fibrous cords on healing from the 
point of ligation to their first large proximal branch, was not confirmed 
in our dissections. The main arteries and veins, as well as their larger 
branches, through which the operative trauma had extended, were found 
to be patent and apparently unreduced in caliber almost to their very end, 
when they rapidly dwindled in size and terminated in the general scar. 
Indeed, the larger veins in some stumps were found to be dilated and 
tortuous near their termination. 


FALSE NEUROMATA 


A statement by Leriche and Policard ‘that disturbances of bone 
regeneration are more marked after section of the median, ulnar, and in- 
ternal popliteal than after section of the radial or external popliteal nerves 
(the former being carriers of sympathetic fibers, the latter not)’’® further 
increased our interest in the dissection of available amputations. It 
would have been significant, for example, if we had found the distribution 
of neuromata more common on one of these nerve groups than on the 
other. We have no objective evidence from our dissected specimens of 
a predisposition to form neuromata in any single nerve trunk or nerve 
group sectioned at operation. 

Serial sections of false neuromata from our human amputations, for 
the most part, confirmed the findings of Huber and Lewis‘. Our sections 
and gross tumors, however, demonstrate that some neuromata are in part 
formed by a looping or coiling up of the nerve trunks. Neuromatuon the 
sciatic nerve, to which the work of Huber and Lewis was confined, showed 
this tendency to a less degree, in our series, than did neuromata on some 


of the other nerves. 
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THE RELATION OF BONE ATROPHY TO FALSE NEUROMATA, 
OSTEOPHYTES, AND PROSTHESES 


In our three amputations of the upper arm, No. 1531, No. 1456, and 
No. 730, there were neurofibromata on all the nerve trunks severed at 
operation. In No. 1456 and No. 730, clavicle and scapula alike were not 
only atrophic but small in dimensions, whereas the atrophy in No. 1531 
was negligible (See Table II). It would seem, therefore, that changes 
manifest in the bones of upper-extremity amputations do not necessarily 
accompany the development of neuromata. 


TABLE II 
MEASUREMENT OF ATROPHY IN AMPUTATIONS THROUGH UPPER ARM 


Seapula Clavicle 
Weight Length Weight Length 
No. Sound Amp. Sound Amp. Sound Amp. Sound Amp. 
1531 90 106 177 178 34 32 154 153 
730 63 31 163 148 23 11 147 119 
1456* 54 40 153 153 20 13 151 141 


* Both arms amputated. Measurements under Amp. are those of the side amputated 
at higher level. 
Again we were unable to confirm a relationship between neuromata 
and bone changes in amputations of the lower extremity. In No. 1519, 
for example, where no neuromata were present, and in No. 1995, where 
three of moderate size occurred, the bone changes were slight. In No. 
1800 and No. 1991 small neuromata coexisted with quite marked bone 
changes. In No. 1686 there was a large neuroma on the sciatic nerve, 
but none on the femoral or obturator nerves. This specimen showed a 
rather marked degree of atrophy evident, both in the roentgenograms of 
upper femur and innominate and in a weight loss, amounting in the 
innominate to ten per cent. of the sound bone (Table III). 


TABLE III 
MEASUREMENT OF ATROPHY IN AMPUTATIONS OF LOWER LIMB 


Amputation Weight of Femur Weight of Os Innominatum 

No. of Sound Amp. Sound Amp. 
1519 Left thigh 7 231 227 

1995 Left leg 499 428 208 201 

1800 Right leg 369 260 187.5 187 

1991 Left thigh 185 157.5 

1332 Left thigh 210 177 

1686 Right thigh 245 221 

1471 Left thigh, Right foot 470 357 231 203 


Both legs (Right higher) 468 459 235 (left) 228 (right) 
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Osteophytes or bone spurs are at times so large or so placed as to 
interfere with the wearing of an artificial limb and proper functioning of 
the stump, but our specimens give no conclusive evidence of their neces- 
sary association with bone atrophy. In No. 1991 and No. 1332 which 
had large osteophytes and in No. 1686 and No. 1471 where osteophytic 
production was slight, the atrophy, as shown by loss in bone weight, was 
quite marked. No. 1550 presented a marked contrast to the above 
specimens. This was an amputation through the left thigh of a white 
man, aged forty-nine years. A very large osteophyte curved proximally 
from the distal end of the severed femur just medial to the linea aspera. 
The bones themselves had not the usual atrophic appearance character- 
istic of amputation stumps and, though atrophy was evident in the roent- 
genogram, it was very slight. The innominate bone on the side of the 
amputation was indeed eighteen per cent. heavier than that on the sound 
side. 

If disuse plays as important a part in the atrophy of a stump as is 
generally supposed, an expression of the effects of wearing prostheses in 
lower-extremity amputations might be anticipated. But there are no 
characteristic changes in the roentgenograms of our four leg amputations, 
which show definite evidence of artificial legs having been worn to within 
a short time of death, to lend support to a disuse theory. The difference 
in bone texture, as illustrated in roentgenograms, was just as apparent 
as in amputation stumps where no prostheses had been worn. Hence it 
seems probable that a prosthesis has no real influence upon the degree of 
disuse atrophy. 

In No. 1697 where both legs had been amputated below the knee, 
the right some two and one-half centimeters higher than the left, there 
was a slight though definite increase in atrophy of the right innominate 
bone. 

Differences in weight, although not as dependable as roentgenograms 
in determining slight degrees of atrophy because of the normal variability 
of bone weight on the two sides, confirm in general the findings in the 
roentgenograms. In No. 1697 the right femur weighed two per cent. less 
than the left; the innominate, three per cent. less. In No. 1800, an 
amputation just below the right knee in a white man, aged sixty-one years, 
the difference, though extreme in the femur, amounting to twenty-nine 
per cent. of the sound side, reached but three-tenths per cent. in the in- 
nominate bone. In No. 1995, an amputation through the upper third 
of the left leg below the knee in a white man, aged sixty-seven years, the 
left femur, though practically one centimeter longer than the right, weighed 
fifteen per cent. less. In the innominate bone the loss in weight was three 
and three-tenths per cent. of the sound side. 

Our dissections and roentgenograms give us no reason to believe that 
there is any relationship whatsoever between false neuromata of osteo- 
phytes and atrophy or modification in dimensions of the bones in amputa- 


tion stumps. 
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EPIPHYSEAL UNION IN AMPUTATION STUMPS 


It is exceedingly difficult to obtain evidence on epiphyseal union of 
bones in stumps but, having followed one of our clinical cases for eight 
years, we have, we believe, suggestive information upon the course of 
events in young people. 

EK. Se. is a white boy who, at the age of twelve years, following an 
automobile accident, suffered amputation through the lower third of the 
left humerus. Owing to the formation of a conical stump, the humerus 
was reamputated at about its middle three years later. A roentgenogram 
taken three years and six months after the original amputation shows a 
good, rounded, soft stump with a capped medullary cavity, marked 
gracility of humeral-shaft remainder, slightly less well marked differentia- 
tion of features of upper humeral extremity, gracility of clavicle, but no 
obvious change in scapula. Subsequent roentgenograms, taken five 
years and five months after the original amputation, show the upper 
humeral epiphysis and also the epiphysis forming the outer end of the 
acromion completely united on the amputated side alone. These unions 
should not occur until between the nineteenth and twentieth birthdays *. 
Curiously enough the epiphysis which forms the coracoid angle is but 
partially united as on the sound side. A small center of ossification has 
appeared at the outer end of the left clavicle on the amputated side. 
This should not be present until between the nineteenth and twentieth 
birthdays®. The ununited epiphyses and the unossified epiphysis at the 
outer end of the clavicle in the right shoulder are entirely in accordance 
with the patient’s age and clearly demonstrate the precocious epiphyseal 
maturity on the amputated side. The difference in date of epiphyseal 
union on the two sides is not accidental, for in our study of several hundred 
adolescents in this laboratory we have never seen it. As an evidence of 
early cessation of growth of the amputated limb it may, in part, explain 
the difference in dimensions of scapula and clavicle after amputation above 
the elbow. Even if we admit this contention, the retarded growth or 
premature arrest of growth on the side of amputation cannot wholly 
explain the extreme difference in dimensions and weight of our No. 730 
and No. 1456. No explanation, other than actual postamputation 
atrophy, will suffice to explain the tremendous difference in size between 
the right and left scapulae and clavicles of these specimens. We are, 
however, still completely at a loss to account for the finding that pro- 
nounced atrophy occurs only after amputation above the elbow of the 
upper extremity and not at all in the lower limb. 


DISSECTION OF EXPERIMENTAL AMPUTATIONS 


Through the courtesy of Dr. Harold Colson of Flagstaff, Arizona, 
and Dr. H. H. Donaldson of the Wistar Institute, we have obtained the 
bodies of nine rats in which Dr. Colson had amputated the humeri through 
the middle of the shaft between the fifth and the twelfth days after birth. 
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These rats were sacrificed at different dates from 30 to 265 days after 
birth. In none of these rats was the epiphysis for the upper end of the 
humerus united. One would hardly expect union of this epiphysis before 
265 days, especially since rats of the Wistar Colony tend to show delayed 
union*. There was also no union in the epiphyses of the vertebral border 
or lower angle of the scapulae. All the rats were, therefore, killed before 
they attained skeletal maturity. 

The humeral remnant shows varying degrees of gracility and, in some 
examples, a small osteophyte arising from the amputated stump. There 
is no indication of marked osteoporosis in humerus or scapula on roent- 
genographic examination and neither scapulae nor clavicles show the 
slightest sign of reduction in dimensions or of failure to develop adequately. 

We have dissected the amputation stumps on rats 436 and 495 with 
the following results: 

Rat 436—Right: flat false neuroma on ulnar nerve only. 

Left: moderate-sized neuroma on ulnar nerve, small 
neuroma on median nerve. No other neuromata. 

Rat 495—Right: no neuromata. 

Left: moderate-sized neuroma on ulnar nerve only. 

All humeral remainders in the nine rats show gracility of shaft. 

The presence of neuromata upon nerves in the rats dissected indicates 
that there would be neuromata in the other animals, the bodies of which 
were macerated before we received them. The positive evidence obtained 
from rats 436 and 495 supports our belief that neuromata are not related 
to the degree of bone atrophy. However, it is not at all certain that the 
postoperative findings on amputations in forelimbs of rats can be trans- 
ferred to a study of amputations in man. In the absence of real atrophy 
and in tendency to form osteophytes, the rat amputations resemble ampu- 
tations of the lower extremity in man, not of the arm above the elbow. 
It is quite conceivable that emancipation of the forelimb in man and other 
primates from a weight-bearing function involves a profound difference 
between primate and quadrupedal function of the anterior limb. It does 
not appear that the rat or any other quadrupedal mammal is a suitable 
animal for experimental purposes in the effort to analyze the causation of 
postoperative phenomena in human amputations. 

GENERAL CONCLUSIONS 

1. Postoperative atrophy is seen in muscles as well as in bones, It 
is subject to considerable variation and is accompanied by angioneurotic 
symptoms of varying degree. 

2. Atrophy in amputations of the lower extremity (and forearm) 
(See References 1 and 2) is limited in extent and in time. In amputations 
above the elbow it may be very pronounced indeed, and accompanied by 
trophic changes in the skin. 

3. The atrophy of amputation is more marked than that in spastic 
palsy, but differs radically from that found in infantile paralysis, leprosy, 
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and brawny oedema because, except in the area of local trauma, the muscle 
of amputated stumps is never transformed into fibrous tissue. 

4. The larger blood vessels retain practically their normal caliber 
to within a short distance of their termination, when they dwindle rapidly 
in size and end in the general scar. 

5. A special tendency to the development of neuromata on all the 
nerve trunks severed at operation in amputations above the elbow is 
evident in our dissections. The tendency is less evident in posterior 
tibial and sciatic nerves and rarely present in femoral and obturator 
nerves of lower-extremity amputations. 

6. There is no evidence in these dissections to warrant the assump- 
tion that false-neuroma formation is in any way related to the degree of 
bone atrophy. 

7. The characteristic atrophy evidenced by loss of weight and 
osteoporosis identifiable on roentgenograms is present whether or not a 
prosthesis is worn. 

8. Osteophytic production, less marked in amputations of the upper 
extremity than in those of the lower, has no direct relationship to the 
degree of bone atrophy. 

9. Amputation, at least in the upper arm, may hasten the date of 
epiphyseal union and thus apparently arrest bone growth. 

10. Experimental amputation of the upper arm in rats results in 
phenomena resembling the postoperative changes in amputations of the 
lower limb in man and not those in amputations of the upper arm. 

11. The rat, being a quadrupedal mammal, is not a suitable animal 
for a study of postamputation changes as found in man. 
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ADAMANTINOMA OF THE TIBIA * 


BY EDGAR HOLDEN, JR., M.D., AND JOHN W. GRAY, M.D., 
NEWARK, NEW JERSEY 


From the Surgical and Pathological Departments of the Hospital and Home for Crippled 
Children, Newark 


Adamantinoma or adamantine epithelioma has long been known as 
an entity, and ordinarily occurs in the jaw. It might be inferred from 
earlier reports on the subject that it isa rare tumor. Murphy ', in 1924, 
estimated that about one hundred cases had been reported in the litera- 
ture. Kegel’, however, in reporting thirty-five cases from the Johns 
Hopkins Hospital in 1932, concluded that many cases were unrecognized. 

The rate of growth of the adamantinoma is slow. Seven of Kegel’s ? 
‘ases showed a duration of the primary tumor of fifteen years or more. 
Occasionally there is a rapid growth of a tumor that has remained sta- 
tionary for years. The behavior of these tumors is similar to that of a 
basal-cell carcinoma,—that is, they do not metastasize but persistently 
recur unless completely destroyed. Patients may experience several 
years without symptoms between recurrences, the average interval 
between primary and secondary operations being five years. 

Adamantinoma is an epithelial tumor, fundamentally basal-cell in 
type, in which all degrees of differentiation of the enamel organ are found. 
In the less differentiated form, basal cells only are seen. In the more 
differentiated forms, most frequently seen, there are branching epithelial 
strands and groups composed of a peripheral cylindrical layer of cells and 
a central network of stellate-shaped and transitional cuboidal cells. 

Central-jaw tumors frequently cannot be diagnosed from the history 
or from findings at the examination. The differential diagnosis of root 
cyst and follicular and dentigerous cyst can usually be made under the 
microscope. Giant-cell tumors, central fibromata, fibrosarcomata, and 
chondromata can be distinguished by the microscopic pictures, if not 
preoperatively or by gross pathology. Carcinoma of low-grade malig- 
nancy, arising from the mucous membrane and secondarily infiltrating 
the jaw, can be recognized microscopically. 

There are three main points of view regarding the origin of ada- 
mantinomata: the tumor develops from (1) the paradental débris, (2) 
the oral epithelium, and (3) the enamel organ. Malassez* pointed out 
that in the development of the tooth, the epithelial, enamel-producing 
portion of the tooth germ extends downward into the gum to the very 
apex of the future tooth. On completion of the enamel cap, this epi- 
thelium persists in an irregular cell strand, extending down along the side 


in: a at the Bone and Tumor Conference, Washington, D. C., September 
, 1933. 
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of the tooth to the apical foramen. To this paradental débris Malassez * 
attributed the origin of root cysts, follicular or dentigerous cysts, and 
adamantinomata. Perthes’ observation’ that root cysts, which un- 
doubtedly arise from these remnants, never contain enamel or dentin, 
while follicular cysts and adamantinomata do, is proof that Malassez’ 
epithelial rests have lost the power to form teeth or tooth remnants. 

The oral epithelium has been suggested as a point of origin because 
of the discovery of a direct connection between the oral epithelium and 
the adamantine epithelium. But Kegel? shows that adamantine epi- 
thelium not infrequently comes in contact with the oral epithelium and 
sometimes invades it, that the morphological similarity common to all 
basal-cell carcinomata is no proof of genetic relationship, and that the 
age incidence of carcinoma of the gum is several decades later than that 
of adamantinoma. 

The third view, that adamantinomata arise by neoplastic transforma- 
tion of the tooth germ, while the follicular cysts and the dentigerous cysts 
result from cystic degeneration of the 
same, was advanced by Neumann ® 
and Magitot ® There is strong evi- 
dence in support of their theory. 
Adamantinomata in the lower jaw are 
situated in the region of the molars. 
In the upper jaw, the molars and 
lateral incisors are affected. They 
show a marked predilection to arise | 
during that period in which eruption 
of the molar teeth takes place. The 
age group between sixteen and twenty 
shows the largest number of cases. 
In some instances, however, it would 
seem that the dental germ underwent 
neoplastic transformation at a much 
later date. The cause of neoplastic 
transformation has been ascribed to 
trauma, infection, and mechanical 
irritation. 

Cystic formation is almost a con- 
stant microscopic observation of ada- 
mantinomata. This takes place in 
the central network of the epithelial 
groups. The stellate cells represent 
the enamel pulp of the four months’ 
foetus and the peripheral cylindrical 4 

Fig. 1 cells represent the ameloblasts or 
Roentgenogram, April 1931. Antero- enamel-forming cells. As the tooth 


posterior view of the left lower tibia, : abs 
showing a multilocular eyst-like lesion, grows, the pulp cells furnish nutrition 
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to the ameloblasts. When the enamel has been formed, the pulp cells 
degenerate and disappear. 

Extramaxillary adamantinomata are uncommon. Those occurring 
at the base of the skull are well recognized and their origin is traced to 
remnants of buccal epithelium in the neighborhood of the pituitary gland. 
For a complete review of this subject the reader is referred to the report of 
Critchley and Irenside‘ in 1926. 

So far as we know, the only other extramaxillary adamantinomata 
are the exceedingly rare adamantinomata of the tibia. In studying the 
literature we found only three authentic cases recorded. ‘The first case 
was reported by Fischer * in 1913, the second by Baker and Hawksley * 
in 1931, and the third by Ryrie'’ in 1932. A case of adamantinoma- 
like tumor of the tibia was also reported by Richter" in 1930. 

Fischer’s case was that of a man, aged thirty-seven, who knocked his 
leg on a stair, suffering a slight, painfulinjury. Five months later a tumor 
developed at the site of the injury, and nine months after the trauma the 
tumor resected. 
It was an_ epithe- 
lial tumor, morpholog- 
ically characteristic 
of adamantinoma. 
He assumed that it 
originated from a foe- 
tal cell rest formed 
at the site during the 
intra-uterine period. 
This assumption was 
based upon the con- 
sideration that the po- 
tentiality of tooth for- 
mation is limited to 
that period in foetal 
life during which the 
tooth germs are 
formed. He con- 
cluded that later cell 
rests would not have 
this potentiality and 
that, if the tumor arose 
as the result of adult 
implantation, the 
structure would be 
pavement epithelium. 

The second case, Te 

Fig. 2 
reported by Baker and Roentgenogram, April 1931. Lateral view of cyst-like 
Hawksley, was that of lesion in left lower tibia, prior to the first operation. 
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an engine driver, aged forty-six. He struck his shin with an iron bar, 
causing a mild injury with no skin wound, and seven months later a slight 
injury to the same region was associated with much pain, and a lesion of the 
bone was observed. Ten months after the first injury, the tumor was re- 
sected. Histologically, this tumor apparently showed a predominance of 
basal-cell growth. Baker and Hawksley followed Fischer in postulating a 
foetal epithelial rest, but laid some stress on trauma as stimulating the 
rest into growth. 

The clinical history of the third case, reported by Ryrie, differed from 
the others only in the long, latent period. In 1915 the patient, then aged 
thirty-six, was kicked on the shin. Only a superficial bruise resulted, 
although pain and tenderness were never entirely absent for a period of 
eight years. Then a swelling developed rather rapidly. An amputation 
was advised. The patient refused amputation, and nothing was done until 
1931, sixteen years after the injury. The tumor was scraped out, and a 
histological diagnosis of adamantinoma was made. Six months later the 
tumor recurred, grew rapidly, and an amputation was done. The recur- 
rent tumor showed less adamantinoma-like differentiation; in large 
areas the cells were spindle-shaped and there were very numerous mitotic 
cells. The tumor, however, was confined to the bone, and the soft parts 
were not invaded. 

Ryrie emphasizes the etiological importance of trauma, a factor so 
prominent in all of the cases. He believes that the tumor originates from 
epithelium implanted at the time of injury, and, because of ‘‘thwarted 
repair’’, this epithelium ultimately passes over into tumor growth. He 
explains that the conditions in the superficial portion of the tibia are such as 
to favor laceration of the periosteum and hematoma formation, with 
subsequent ossification. Injuries which leave the skin unbroken may 
involve tearing, not only of connective tissues, but also of the deep skin 
appendages, such as the hair follicles. It isin the subsequent fate of these 
special epithelial tissues, Ryrie believes, that we must look for an explana- 
tion of our tumors. In the superficial soft tissues such damaged hair 
follicles are either absorbed or repaired, but, in the deeper parts in the 
region of the lacerated periosteum and of the organizing hematoma, condi- 
tions exist which constantly thwart complete repair. The tumor, when 
established, remains limited to bone, because adamantinoma is embry- 
ologically a basal-cell growth, and all tumors of the basal-cell type have a 
limited kind of malignancy with little ability to invade new types of tissue. 


CASE REPORT 


The patient, an unmarried female school teacher, thirty-six years of age, was first 
seen by the authors in April 1931. 

She complained of pain and swelling of the left lower tibia. For several years pain 
had been noticed in the left lower leg when the patient was fatigued. Two years before 
the left ankle had been struck against a curb, causing an abrasion, contusion, and slight 
bleeding, and pain had increased since that time. During the six weeks before admis- 
sion there had been pressure and a burning sensation, associated with pain, which was 
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increased by weight-bearing. The ankle had been strapped and was somewhat relieved 
by this support. There was no history of tumor growth in any other part of the body. 

On examination it was found that there was a swelling of the left lower tibia on the 
antero-internal surface, about ten by six centimeters in size. The temperature was 
normal. There was localized tenderness, but no restriction of motion of the ankle or pain 
on motion. There was no enlargement of the inguinal or other superficial lymph nodes. 
The oral cavity, chest, thyroid, breasts, abdomen, pelvic organs, and bones were found 
negative for areas of tenderness or tumor formation. There was no pain, tenderness, or 
limitation of motion in any of the joints. No evidence of focal infection could be found 
in the teeth, sinuses, tonsils, gall-bladder, appendix, or cervix. The urinalysis and blood 


count were normal and the Wassermann was negative. 


Fig. 3 


Photomicrograph. Adenomatous type of lesion in specimen examined April 1931. 
x 200. 


N, JR., AND J. W. GRAY 


“ 


DGAR HOLDE 


ay} 40; uotyesedo 
xIs-AjuoM} ‘EEG ouNL 
JO MATA 


JO WUBPIAI ON 
JSOUW[B SNI[VO [VULIOU JO 


‘LOUIN} JUILINIGI JO OUST 
OY} UL aq OF WMOYs ST 


| 
q 
edhe? “a 
| 
j 


VOR V EU 


ADAMANTINOMA OF THE TIBIA 407 


The results of an x-ray examination of the left lower tibia made by Dr. Charles F 
Baker, April 13, 1931, were described as follows: ‘‘The examination shows the presence 
of a destructive lesion characterized by an area of decreased density, five by three centi- 
meters in size, in the lower end of the tibia, three centimeters above the distal end. It 
has the appearance of a multilocular cyst-like condition with slight expansion of the bone 
toward the medial side. There is no bone reaction adjacent to the lesion. The margins 
are sharply delineated but not thickened. There is no evidence of invasion of soft tissue 
or break in the outline of the bone. It would appear, therefore, to be an inflammatory 
bone lesion of long standing. The multilocular appearance is suggestive of a giant-cell 
tumor but the epiphysis is not involved.” (Figs. 1 and 2.) 

After these examinations the patient was sent to the hospital, April 18, 1931, 
with a provisional diagnosis of bone cyst. An operation was performed and the 
entire mass was removed by gouge and chisel, keeping in healthy bone on all sides of 
the lesion. 

Pathological Examination: Macroscopically, it was a soft loculated mass of grayish 
color. Microscopically, the growth was composed of adenomatous tissue surrounded by 
a great deal of fibrous tissue. The irregular gland structures resembled somewhat those 
of the endometrium. Colum- 
nar-type epithelial cells lined 
the acini and many were 
hyperchromatic and _ mitotic. 
In the fibroblastic stroma there 
were a few groups of cells re- 
sembling foreign giant cells. 
A diagnosis of adenoma malig- 
num was made (Fig. 3). 

This pathological diagnosis 
was disconcerting. One would 
not expect to find a metastatic 
growth in the lower end of the 
tibia, and there was nothing in 
the histological structure from 
which the primary origin of 
such a neoplasm could be de- 
termined. Nevertheless, three 
pathologists agreed upon the 
above diagnosis, and a further 
exhaustive search for primary 
malignancy was made and 
found negative. 

Recovery was uneventful, 
the wound healed, and after 
three weeks the patient was dis- 
charged from the hospital with- 
out local pain or tenderness. 
Irradiation was considered but 
not used. 

July 22, 1931. There was 
stiffness through the instep. 

November 21,1931. X-ray 
examination: “‘ All diseased bone 
apparently removed and no Fig. 7 
evidence of recurrence. The 

. Lateral view of the ecyst-like recurrent tumor, June 
cavity is being filled in by — 1933. Except for a tiny area in the uppermost part, 
normal callus.” the old cavity is completely filled in by dense bone. 
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Fig. 8 


Photomicrograph. An area in a section from the recurrent tumor simulating 
adenocarcinoma. X 280. 
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Photomicrograph. Higher magnification of Fig. 8, s 
arge multinucleated giant cell in the stroma. 705. 
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December 4, 1931, Oceasional shooting pain through the operative area with slight 
tenderness but no redness or swelling. 

December 29, 1931, The left ankle was struck on the step of a staircase, causing 
slight temporary tenderness. 

January 8, 1932. No tenderness, no pain. X-rays showed a very slight shadow 
which the roentgenologist considered of no significance. 


Fig. 10 


Photomicrograph of recurrent tumor, showing adenomatoid structures and also a 
large epithelial group resembling somewhat basal-cell carcinoma. X 250. 
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June 25, 1932. No symptoms. X-ray examination: “There is an increase of 
normal callus almost completely filling the cavity. There is no evidence of recurrent 
tumor.”’ (Figs. 4 and 5.) 

June 29, 1933. The patient had been well during the past year. She had played 


Fig. 11 
Photomicrograph. A higher magnification of an epithelial group as shown in 
Fig. 10. It consists of a central network of spindle, cuboidal, and stellate cells and a 
peripheral layer of cuboidal or colt mnar cells. A small eyst is present in the central 
area. X 600. 
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tennis and entered into other active physical exercises. One week previously the ankle } 
was “turned”’, followed by pain and swelling. 
Examination: There was swelling around the external malleolus and in front of lower 
end of tibia, below the old scar. These areas of swelling were tender and there was also 
tenderness along the lateral ligaments. There was no pain in dorsal flexion, but some 
when the foot was put in varus and equinus. j 
Photomicrograph showing an epithelial group containing a large cyst, and also : 
central necrosis of a group of cells in the network. The transitional forms and i 


cystic character of pseudoglands are well shown in this section. 500. 
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X-ray Examination: “Except for a very small area in the uppermost part, the old 
cavity is completely filled in by dense bone. At the lower end of this area there is a cyst, 
approximately two by three centimeters in size. The lower border of the cyst is only 
about one centimeter from the distal end of the tibia. In the anteroposterior view there 
is the appearance of many small cysts, but in the lateral view it appears as a single, large 
cyst, slightly irregular in outline, reaching the anterior surface of the bone. As in the 


Fig. 13 
Photomicrograph showing bizarre forms of epithelial structures in the recurrent 
tumor, characteristic of adamantinoma. X 80. 
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roentgenogram of April 1931, there is no bone reaction surrounding the lesion, nor is there 
any invasion of the soft tissue.”’ (Figs. 6 and 7.) 

X-ray examination of the long bones, chest, and maxillae, made July 1933, showed no 
pathological lesions. 

July 17,1933. Operation. On account of the old sear it was impossible to separate 
the skin and periosteum. It was found, in raising the periosteum, that there was an area 
about one and five-tenths centimeters in diameter where practically no shell of bone 
covered the mass. With a gouge the whole mass was removed well into healthy bone, 
except at the lower end where it extended near the joint surface. The cavity was curetted 
and chemically treated and the wound was closed with sutures. No inflammatory re- 
action occurred following the operation. 

August 15, 1933. Wound healed. Patient discharged from the hospital walking 
on crutches. A pathological diagnosis of adamantinoma having been made at this time, 
irradiation was advised. X-ray treatment was given from August 24 to September 12 
as follows: 800 R units to each side of the lower part of the leg. The factors were 140 
KV, 5 MA, 14 Cu. 1 AI filter, and 16 inches distance. 

Pathological Examination of the Recurrent Tumor: The macroscopic appearance of 
this specimen was that of a large broken-up mass of soft curetted material, resembling 
macaroni mixed with clots of blood. Spicules of bone were present in the mass. 

Microscopic Examination: There was an infiltrating epithelial growth in a fibro- 
blastie stroma. In the stroma there were multinucleated giant cells, resembling those 
found in myeloid epulis. The bony shell and stroma apparently played no active part 
in the neoplasm. An occasional spicule of bone in the stroma was surrounded by giant 
cells, functioning as osteoclasts. 

The epithelial growth assumed various forms. Some areas appeared, at first sight, 
to be adenomatous or adenocarcinomatous, with acini lined by tall columnar cells (Figs. 
8and 9). (This part of the tumor was not unlike the specimen examined in April 1931, 
except that the stroma was more abundant and multinucleated giant ceils were more 
numerous. See Figure 3.) Other areas of the recurrent tumor presented irregular 
anastomosing branching groups of cells resembling somewhat a basal-cell carcinoma. 
These groups, however, were composed of two types of cells, a peripheral layer of tall 
columnar cells and a central network of cuboidal, spindle, and stellate cells. The latter 
cells contained relatively large nuclei, and projecting from their cytoplasm were deli- 
cate processes which formed the network. Spaces of varying sizes, ranging from narrow 
intercellular clefts to well formed cysts, were present in the epithelial network. Larger 
cysts were surrounded by a closely packed layer of tall, columnar epithelium, identical 
with the peripheral layer of cells of the groups above described. Apparently, cystic de- 
generation of the central network, with the peripheral cells left intact, produces adenoma- 
toid or pseudoglandular structures which, when isolated from transitional forms, may 
be mistaken for true adenomatous tissue. This is particularly true when such cysts are 
devoid of contents. Many cysts, however, contained a coagulum in which there were 
degenerated cells and macrophages (Figs. 10, 11,and 12). The areas of this tumor show- 
ing the most usual histological characteristics of adamantinoma are illustrated in Figure 
13. The epithelial groups assume bizarre forms and some contain cysts. Figure 14 is a 
higher magnification of the finger-like epithelial processes, showing clearly the cylindrical 
peripheral cells (embryonal enamel cells or ameloblasts) and the central stellate cells 
(embryonal enamel-pulp cells). Figure 15 shows epithelial cellular pleomorphism and a 


distinct mitotic figure. 


Histologically, the epithelial structures of this tumor are character- 
istic of adamantinoma. The clinical history of slow growth for two years 
before operation and local recurrence two years after operation is also 
characteristic of adamantinoma. There was no evidence of new growth 
elsewhere in this patient. Similar tumors of the jaw do not metastasize. 
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In consideration of the foregoing data, a diagnosis of primary adaman- 
tinoma of the tibia was made which, to our knowledge, is the first case to 
be reported in American literature. 


We are greatly indebted to Major Raymond O. Dart, Assistant Curator, Army Medical 


Museum, Washington, D. C., for the preparation of the illuminating photomicrographs of 
the higher-power magnification. 
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CALCIFICATION IN FAT PADS ABOUT THE JOINTS 


BY ALBERT B. FERGUSON, M.D., NEW YORK, N. Y. 


Director of Roentgenology, New York Orthopaedic Dispensary and Hospital 


Calcification in fatty tissue has been noted and extensively studied 
in many areas of the body, but the author has not found a report of the 
clinical recognition of calcification in fat pads about the joints. For 
this reason the following four cases are reported. In each of them 
roentgenographic examination revealed a flaky, calcareous mass in the 
area of a fat pad at a joint. The calcareous particles tended to appear 
as short rods or dashes, which are believed characteristic of calcification 
in fat pads at the joints. The particles tended more to nodular character 
and less to rod-like form, as duration increased. The calcareous mass 
altered in shape and in relation to the bones on pressure and on change of 

position in the two 
cases in which this 
| type of roentgeno- 
graphic examination 

was done. 

The fat pad was 
removed at operation 
in two cases. In one, 
of short duration, the 
‘alcareous material 
dissolved in the fixing 
solution (formalin) 
and the specimen was 
fat. In the case of 
longer duration the 
fat pad was exten- 
sively converted into 
masses of cartilage, in 
small areas of which 
there was ossification. 

In three of the 
cases the onset was 
dated from a trauma. 
In the fourth case the 
patient was not ex- 
amined until one year 

: after onset and she 

Fic. 1 remembered no_ in- 

Case 1. Calcification in fat pad at shoulder. jury. In each case 
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Fic. 2 


Cause 2. Calcification in fat pad at elbow. 


only one joint was affected and the symptoms were mild, consisting of 
slight limitation of motion and moderate pain on use of the joint or on 


forced motion. 

As two of the cases were proved to have calcification in a fat pad and 
as the other two appear identical in character, all are believed to have 
had calcification in a fat pad following trauma. In each case that diag- 
nosis was made because of the tendency of the calcareous material to 


appear roentgenographically in short rods or dashes. 


Case 1. Female. In December 1925, at age of nine, the left shoulder became 
painful following severe use of flying rings in a gymnasium. Roentgenographic exami- 
nation at this time was negative, but pain on extremes of motion and aggravated by 
In October 1927, roentgenographic examination revealed a flaky 


activity continued. 
In January 1928 the girl came to this 


calcification about the shoulder joint (Fig. 1 
Hospital. There was slight fullness about the shoulder anteriorly and inferiorly. Ab- 
duction and rotation were slightly limited. ‘lhere was pain on extremes of motion and 
after activity. These symptoms and signs have persisted. Roentgenographic examina- 
tion at this time showed a flaky calcification at the left shoulder inferiorly and about 
the coraccid process medially and laterally. The mass altered in shape and in relation 
to the bones on pressure and on change of position. The caleareous material was in 
small discrete particles, some nodular, others flaky in character. Many of the latter 
appeared as small rods or dashes up to one-eighth inch long and one sixty-fourth of an 
inch thick. As symptoms were slight, no treatment was advised. 

The girl was last seen in November 1931. Symptoms and signs were as previously 


noted. The ealeareous particles visible in the roentgenogram were more numerous, so 
that the mass as a whole had greater density but the extent of involvement was not 
altered. 


Case 2.* Male. In April 1929, at age of sixteen, the boy noted stiffness and some 


* This case is reported through the courtesy of David Bosworth, M.D., New York 
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pain in the right elbow one week after a fall. These symptoms persisted. On May 5, 
1929, pain on motion was severe but there was no swelling or redness. Roentgenographic 

examination revealed 
a mass of flaky cal- 
cifications anterior 
to the elbow joint 
(Fig. 2). The tend- 
ency of the calca- 
reous particles to 
appear as short rods 
or dashes was very 
noticeable. On May 
6, 1929, the fat 
pad was removed. 
The specimen was 
fatty tissue. Thecal- 
careous matter had 
dissolved in the fix- 
ing solution. Roent- 
genographie exami- 
nation eleven days 
after operation did 
not show the flaky 
mass previously 
present, but did 
reveal a_ smaller, 
denser, rather ho- 
mogeneous ¢calcifi- 
cation in the same 
area, corresponding 
in appearance to 
the post-traumatic 
calcifications com- 
monly seen about the 
elbow joint. Symp- 
toms did not recur 
and in February 
1930 there was mo- 
tion to 125 de- 
grees with normal 
power and no symptoms, although the calcification noted after operation was still present. 


Case 3. Calcification in fat pad at knee. 


Case 3. Female. In November 1928, at age of fifty-eight, the patient fell, 
injuring the right knee. The knee continued painful and swollen. In August 1929 
there was considerable swelling, but no redness nor spasm. Motion was from 170 to 
70 degrees, with pain on forced motion and on pressure at either side of the patella 
tendon. There was some crepitation when the patella was moved. Roentgenographic 
examination revealed a small, flaky, caleareous mass anteriorly between the femur and 
tibia, with traces of the same posteriorly and above the patella (Fig. 3). Many of the 
calcareous particles appeared as minute rods or dashes while other particles were more 
irregular. A moderate amount of effusion was present in the joint, principally above 
the patella. 

The patient was treated by massage and in October 1929, when she was last seen, 
the symptoms had diminished considerably. 


Case 4. Female. In May 1932, at age of twenty-two, she noted slight pain in 
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the left knee when walking. This began without known trauma. It gradually became 
worse. No other joints were involved. The weather did not induence the symptoms. 
In May 1933 there 


was slight swelling at yp 
the knee. Motion was a 
from 170 to 60 de- aa 


grees with pain on 
forced motion. There 
was tenderness just 
above the tibial tuber- “a 
osity. Roentgeno- | 
graphic examination re- 
vealed calcareous 
mass in the region of 
the anterior fat pad, 
with traces of the same 
posteriorly (Fig. 4). 
The calcareous parti- 
cles were mostly dis- 
crete nodules or irregular 
flakes with a few short 
rods or dashes present. 


The scarcity of rods 
and predominance of 
nodules believed 
to indicate long dura- 
tion of the condition 
with greater maturity 
of the calcifications. 
The mass altered in 
shape and in relation 
to the bones on pres- 
sure and on change of 
position. Massage was 
begun and in June 
1933 the calcification | 
appeared less dense. 
In September 1933 there Fic. 4 

was much less tender- Case 4. Calcification in fat pad at knee. 

ness, but pain was 

still present when walking. For this reason operation was advised. 

The knee was explored September 13, 1933. The synovial membrane was slightly 
injected but not thickened. Joint fluid was normal. The anterior fat pad contained 
a large, irregular, cauliflower-like mass of partly calcified cartilaginous material which 
was brittle and crumbled easily. This mass extended to the anterior attachment of the 
medial meniscus and the anterior cruciate ligament. A cavity in the upper surface of 
the tibia anteriorly, two by one centimeters in diameter, contained some more of the 
cartilaginous material and some of it was also attached to the lower border of the patella. 
The articular cartilage and menisci were normal, except for a small softened area on the 
patella and a slightly depressed area on the crest of the medial femoral condyle. Many 
small pieces of cartilaginous material were free in the joint posteriorly. The knee 
extended to 170 degrees before the removal of the fat pad and to 178 degrees after the 
operation. Microscopic examination of the material from the fat pad showed masses 
of rather cellular cartilage with small areas of ossification scattered through it and traces 
of fat remaining between the cartilage masses. 
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Roentgenographic examination after operation revealed traces of caleareous material 
remaining anteriorly and posteriorly. The patient was given massage, hot applications, 
and active and passive motion. On October 17, 1933, motion was from 165 to 110 
degrees. The patient complained of stiffness of the knee, fatigue on exertion, and ache 
in the knee at night. By January 16, 1934, fatigue and ache had ceased; motion was 
from 165 to 100 degrees, with pain on forced motion. She was still under treatment by 
massage. 


FLEXIBLE WIRE AS A LIGATURE CARRIER 
IN BONE DRILL HOLES 


BY NATHAN H. RACHLIN, M.D., NEW YORK, N. Y. 


Attending Orthopaedic Surgeon of Beth Moses Hospital, Brooklyn, and The Neurological 
Hospital, City of New York. Assistant Orthopaedic Surgeon of Kings’ County Hospital, 
Brooklyn 

The author has personally experienced, and has also observed in 
others on numerous occasions, the difficulty encountered in the attempt to 
‘arry a ligature through a drill hole. The cause of this difficulty is 
that the drill hole, if single, is straight; or, if double, is sharply angulated. 
The curved needle, therefore, can be pushed through only with some diffi- 
culty and after considerable loss of time. If one has to repeat the process 
four or five times—as in an operation for claw-foot—or, in a bilateral case, 
eight or ten times, the operative delay necessarily becomes considerable. 

To overcome this difficulty the writer has utilized a fine flexible copper 
wire of sufficient length, folded in half to form a loop at the closed end, 
through which the ligature carrying a threaded needle is passed. After 
removing the needle, the wire is passed through the drill hole and the free 
end is picked up at the point of exit and brought to the surface by grasping 
it with an artery forgeps. 

The device is of especial value in cases where the mesial end of the drill 

hole is in a narrow and deep channel, grooved for the purpose of placing 
and retaining a bone graft. 
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DEFORMITIES OF THE FOOT ASSOCIATED WITH 
ARTHRODESIS OF THE ANKLE JOINT 
PERFORMED IN EARLY CHILDHOOD 


BY HENRY TURNER, M.D., LENINGRAD, U. S. 8S. R. 
Professor in Medical Military Academy, Leningrad 


A glance at current orthopaedic literature indicates the growing 
prominence of osteoplastic surgery in every-day orthopaedic practice. 
Operations on the skeleton are finding increasing new ground for their 
application, and the nature of the procedures is becoming more ingenious 
and more complicated. The dawn of these manipulations on bone tissue 
can be traced back to J. Hunter, who made practical the idea of grafting, 
and great credit must be given to those who, in the early periods without 
means of accurate study, have brought bone grafting to the present per 
fected methods. 

The paralytic foot still remains a boundless field of contest in the in- 
vention of procedures for restoring its function and efficiency. Between 
the extreme limits of simple arthrodesis of the ankle joint by removing the 
cartilage, as originally introduced by Albert, and the elaborate methods of 
longitudinal splitting of the foot and destroying the tarsal and mid-tarsal 
joints, are to be numbered the two-joint arthrodesis of Davis, the three- 
joint operation of Ryerson, the partial removal and reshaping of the 
astragalus of Hoke, the total astragalectomy of Whitman, and the tem- 
porary extirpation of the astragalus by Lorthior. In reviewing the diver- 
sity of operations which have been introduced for the purpose of stabilizing 
a paralytic foot, one may admit that our technique is passing through a 
period of evolution, in conformity with a better understanding of the 
problem in each particular ease. 

Much ingenuity has been expended in working out different methods 
of extra-articular arthrodesis, especially in its application to the hip joint. 
The ankle joint, also, has afforded a fertile field for extra-articular ar- 
throdesis, and its accessibility has incited many excursions in this diree- 
tion, with the various operative procedures which have been advocated in 
stimulating the growth of bone with the use of a graft. 

The primary method of sealing the talotibial and the taloseaphoid 
joints by osteoperiosteal grafts from the tibia is from Cramer‘. A de- 
nudation of the articular surfaces supplemented the external graft. 
(ramer’s idea has been further developed’ by the spanning of an osteo- 
periosteal bridge between the lower ends of the tibia and fibula and the 
tarsus, and by the use of abutments in the lower end of the tibia and mid- 
tarsal region. Omitting the discussion of further modifications of ante- 
rior fixation, we may criticize the validity of the fundamental idea. 

If we acknowledge the deficiency of anterior extra-articular arthrode- 
sis of the ankle joint in early years, we may raise the question of the 
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Case 1. Specimen of foot obtained after amputation; medial view. Shows 
massive graft distorting the growth of the tarsal bones. 


rationality of the principle of eliminating this most important element in 
the mechanism of the foot. Assuming arthrodesis to be in general a mu- 
tilating interference, its application should be strictly limited to a reason- 
able consideration of the practical gain to be obtained, for the functional 
utility of a foot with a loose mid-tarsal joint may be regarded as inferior to 
that of an artificial foot. 

In considering the positive ground gained in our search for efficient 
operative methods, there must be observed the undisputed modern trend 
toward preserving the mobility of the ankle joint and confining the opera- 
tive procedures to fusion in the tarsal region. This must be regarded as 
one of the significant achievements tending to preserve an important 
component of the mechanical apparatus of the foot. 

The effect of age on the development of deformity is frequently given 
insufficient consideration in the clinical investigation and in judging the 
prospects of the results of operative procedures. It is noticeable in the 
statistics relative to the end results of reconstructive operations of the foot 
how very frequently little mention is made of the age of the patient at the 
time of the operation. 

We have had opportunity to observe the results of such operations 
performed at an early age, and are reporting several typical cases. 


Case 1. K. K., a laborer, aged twenty, was admitted to the Military Medical 
Academy because of disability of the left leg. There was history of poliomyelitis at the 
age of two, with both lower limbs affected; the left regained considerable function, the 
right remained completely paralyzed. Scars of the right knee, and especially of the 
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Case 1. Same specimen; lateral view. Traces of the fibular graft are seen on the 


outer malleolus and on the caleaneum. 


ankle, indicated some complicated operation which had been performed at the age of five, 
apparently without improvement, as the leg was unfit for use. Evidently an osteomyeli- 
tis of trophic origin developed in the distal phalanges of the two intermediate toes; opera- 
tions for healing the ulcers had been unsuccessful. There was also a history of repeated 
attacks of erysipeloid redness of the ankle joint. These attacks subsided after the re- 
moval of a metal screw which had been used for fixation of the transplant. 
Examination showed a particularly severe caleaneocavus deformity, with upward 
displacement of the forefoot. The lower ends of the tibia, astragalus, seaphoid, and first 
There were trophic ulcers in the region of the distal 


cuneiform were entirely solidified. 
The patient desired 


phalanx of the great toe, and the foot was cold and bluish in color. 
amputation for a suitable prosthesis, which was performed on December 20, 1932. 
Examination of the bones of the foot (Figs. 1 and 2) shows extreme deformity, much 
of which is evidently the result of the early operation. The tibia and fibula show marked 
atrophy, with forward curving of the tibia. The foot shows a longitudinal line sectioning 
the lower part of the tibia and continuing downward over the talus and caleaneum, form- 
ing a backward convex curve. The direction of the caleaneum is practically vertical ; the 
superior articular surfaces are directed upward and backward, the lower portion of the 
The whole anterior part of the foot, including the seaphoid 


tuberosity pointing forward. 
A massive 


and cuneiform, is directed upward and flexed to a right angle with the leg. 
bone bridge spans the space anterior to the ankle joint, and the posterior curved extremity 
is in contact with the shaft of the tibia and is firmly adherent to it by bony union. The 
anterior pedicle is ankylosed to the scaphoid; bony masses bind the seaphoid to the first 
cuneiform and partly to the anterior process of the astragalus. An osseous excrescence 
overhangs the top of the external malleolus and a superficial vertical ridge of porous bone 
is seen on the outer surface of the caleaneum; these are the remnants of the external bony 
bridge made at the time of the early operation. The talotibial joint is ankylosed in the 
position of dorsiflexion to a right angle. The astragalus is distorted, the head and neck 
being flexed upward nearly in contact with the anterior surface of the tibial epiphysis. 
The articular head is ankylosed with a porous bone to the external surface of the seaphoid 
and to the lower surface of the bridge. The tarsus shows a marked degree of porosity. 
In other respects there are no gross deformities. 
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The relation between this particular deformity of the foot and the 
ultimate effect of the operation performed in childhood is evident. The 
continued active growth of the metaphysis shifted the original site of the 
attachment of the transplant to the tibia in an upward direction, while 
the massive graft, firmly united to the tarsal bones, lagged behind in growth 
and drew the mid-tarsus into a position of dorsiflexion with slight supina- 
tion. The pull of the ligaments of the sole of the foot, not used for sup- 
port, brought the caleaneum into an upright position, with a resulting 
marked cavus. Subsequent pressure from below, transmitted by the 
anterior process and the sustentaculum tali, produced an upward bending 
of the neck of the astragalus with a retardation of the growth of its head, 
thus markedly distorting this impor- 
tant structure of the tarsus. The 
mechanical strain produced by the ac- 
tion of the transplant is indicated by 
the grooves existing on the posterior 
surface of the tibia, fibula, and as- 
tragalus, which can be ascribed to the 
pressure of the shortened tendons of 
the posterior muscles. 

This specimen may serve as a 
prototype of a definite deformity of 
surgical production. It could be con- 
sidered as typical, with allowance 
for the different grades of deformity in 
connection with time and durability of 
the constructed bridge. 


Case 2. A. A., a girl, aged fourteen, 
underwent at the age of two an operation simi- 
lar to that performed on the patient in Case 1. 

The x-ray of the foot (Fig. 4) reveals the 
basis of the deformity. There is a separation 
of the distal part of the graft, and the remnants 
of the outer bridge are loosely attached to the 
external malleolus. The statie disturbance 
effected by the distortion of the bones is 
suggested by the atrophic changes of the mid- 
tarsus which has been excluded from weight- 
bearing (Fig. 4). These latter findings agree 
with the porosity of the corresponding part of 
the tarsus in Case 1. 


Another ease illustrates the com- 
parative behavior of a free graft 
taken from the rib. 


Fia. 3 


Cask 3, a girl, nine years of age, was ad- 

Case 2. Photograph of a wax cast, mitted to the Cripple Institute on August 28, 
showing the clinical appearance of the 1924, with a history of poliomyelitis at the 
deformity. age of two and operation four years later for 
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the purpose of arthrodesis of the right knee and ankle joint. An autogenous graft by rib 
had been used for stabilization of the foot. At the time of admission to our hospital the 
child presented a flexion of the right knee, of osseous character, an equinocavus of the 
corresponding foot with ankylosis of the tarsal joint, and marked shortening of the right 
lower limb, especially the thigh, which continued to increase while under our care. 
Operative interference was undertaken to correct the deformity of the paralyzed 
limb, but failed to aid in the adjustment of a prosthesis. As the foot was a marked im- 
pediment to the construction of an artificial limb, amputation at the level of the lower 
third of the leg was performed on October 10, 1931. It is interesting to note that at that 
time the end of the stump extended only to the articular line of the opposite knee. 


Fig. 4 
Case 2. Roentgenogram showing the massive tibia and the remnants of the 
fibular bridges. 


On examination, the skeleton of the foot shows «a markedly small, atrophie foot 
(Pig. 5), the dorsal surface forming an acute angle with the tibia. A line, intersecting the 
tibia and crossing the astragalus and body of the caleaneum, touches the ground a little 
posteriorly to the caleaneoplantar tubercles. The anterior portion of the caleaneum and 
neck and head of the astragalus are turned upward, and the tibio-astragaloid joint is 
firmly fused in its anterior portion. A few remnants of the rib graft are seen in the form 
of small rough areas and spike-like excrescences on the anterior surface of the tibial meta- 
physis. The osseous deposits on the dorsal surface of the fused seaphoid and the two 
cuboids show a process of osteogenic activity at the other end of the graft, the middle 
portion of which has had time to undergo total absorption. 

in the interpretation of the final fate of the transplant in this case, 
we may quote the constructive experiments of Miiller, whose studies 
proved that the apparent fracture of a free transplant spanning a joint is 
due to linear transverse absorption of the graft under the influence of 
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stress resulting from the movement of the joint. The middle part of the 
graft, deprived of its osseous bed, is doomed to absorption. The instrue- 
tive experiments of Verestchinsky" in reference to the fate of transplants 
also confirmed the importance of an adherence of the graft to the cortical 
layers of the shaft in securing its union and in promoting proliferation. 
The early absorption of the arch of the osseous bridge in the last case 
interrupted its deleterious effect on the growing foot. However, it had 
had time to produce fixed-heel walking, which is associated with operative 
procedures worked out regardless of the biological factors which would 


Fig. 5 


Case 3. Specimen of foot obtained after amputation. Remnants of the graft are 
seen on the tibia and on the tarsal bones. 


tend to distort the anticipated final result of an apparently simple plan. 

In comparison with the imperfections of an anterior arthrodesis of the 
ankle joint, a word may be given on the subject of the posterior fusion of 
this same joint, basing deductions on a series of very limited observations. 
The anatomy of the posterior portion of the ankle joint presents certain 
exceptional characteristics which favor the use of mechanical devices. 
The backward protrusion of the caleaneum facilitates the procuring of 
building material for the purpose of checking the plantar flexion of the 
tarsus. In the method of Rokitsky"™, a graft taken from the lower end of 
the fibula is inserted into the posterior surface of the tibia and caleaneum, 
the prop thus spanning the tibio-astragaloid and subastragaloid joints. 
One may question the judiciousness of such a method and also the dur- 
ability of such construction, because of the influence of pressure as an 
architectural factor in those devices which are constructed to maintain the 
integrity of the part and to stimulate the growth of the graft. 
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An illustration of this is seen in the following case: 


Case 4. V.S., agirl of eleven years, with a history of poliomyelitis at the age of two 
and a half vears, was operated on at the age of seven. Arthrodeses of the right knee and 
both ankles were performed simultaneously. 

The roentgenogram of the right ankle (Fig. 6) shows the following results of the 
The pedicles of the graft indicate a strong fibrous union 


extra-articular arthrodesis: 
Serving as a bow string put upon the stretch by the growth 


with their respective beds. 
of the tibial metaphysis, the graft produces a compression of the posterior part of the 
astragalus between the tibia and the caleaneum, and the flattening of the body of the astrag- 
alus is distinctly seen in the roentgenogram. The result of the mechanical action of the 
graft, therefore, may be regarded as inverse to that which has been described as anterior 
extra-articular arthrodesis of this same joint. In this case the caleaneum is seen to be at 
right angles to the shaft of the tibia, and the forefoot is in the position of flexion. 


In an improvement on this method, introduced by Lissovskaya and 
Djanelidse’, a graft shaped like a spear-head, taken from the crest of the 
tibia, is accurately fitted into the bed prepared in the posterior part of the 


Fia. 6 
Case 3. Roentgenogram showing the retarded growth of the body of the astraga- 
lus, due to its compression between the tibia and caleaneum through the action of the 


graft 
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tibia, astragalus, and ealeaneum. ‘The result of this operation on six pa- 
tients, five of whom were adults and one a child of nine years, was solid 
fusion of the two joints. The principle of union of the posterior part of 
the ankle joint is not new, and it is admissible to expect that the trans- 
formation of the foot into a solid block will not find a broad application. 

Basing our conclusions on the observations relating to operations on 
the paralyzed foot, it is fair to assume that the measures for restoring its 
function are at present passing through a process of evolution. Positive 
achievements have already been made by the recognition of the irrational- 
ity of fusing the ankle joint and thereby destroying an important element 
in the mechanism of the gait, but it has been generally considered that 
fusing the tarsal and mid-tarsal joints is a very valuable method of im- 
proving the function of the foot in weight-bearing. 

The effect of growth on the graft is a factor to be considered. ** Liv- 
ing tissue cannot be regarded as an inanimate object, which can be molded 
into various shapes as may be desired without due regard to the physio- 
logic reaction of the organism.’’? This rule holds good for graft work es- 
pecially. ‘‘Caeteris paribus the younger the animal’’, writes Macewen °°, 
“the greater is the proliferating power of the bone cell, and the longer will 
it continue to proliferate before it assumes its mature form; consequently, 
the greater is the ossifie production.”” The same truth is expressed with a 
tinge of bitterness by Duval®, who assumes that *‘ nous oublions presque que 
l'étre vivant, outre son anatomie immuable et complétement connue, a ses ré- 
actions vitales, ses fonctions propres que nous connaissons moins bien, et dont 
nous semblons tenir insuffisamment compte”. The validity of this assump- 
tion has been brought home to the writer by observations reported in 
a previous paper published in 1927." 

It has been the author's privilege for many years to be the Director 
of an institute for physically handicapped children, of approximately 175 
beds. The age limit of the cripples of both sexes does not exceed sixteen 
years. These patients are received from very different sources, many of 
them having traces of operations performed on account of severe sequelae 
of poliomyelitis. In the older children we have had the opportunity of 
following up the results of many early orthopaedic operations, as to the 
nature of which vague conjectures could be made from the sites and dimen- 
sions of the scars. The time of operation in many cases dated back to the 
early years of childhood. Observations made from these cases offer many 
testimonials to the error of undertaking operative procedures in too early 
youth. In some cases, one cannot dismiss the sad impression that the 
operative undertaking augmented the crippling. The helpless state of the 
extremities after complex muscle transplanting, or the outstanding grave 
shortening of the lower extremities after early arthrodesis of the knee and 
ankle joints, justifies this assumption. 

The author hopes that this article may serve as a demonstrative plea 
for caution in planning arthroplastic operations on patients in early child- 


hood. 
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CONGENITAL ABSENCE OF THE EXTENSOR POLLICIS 
LONGUS OF BOTH THUMBS. OPERATION AND CURE 


BY ISADORE ZADEK, M.D., NEW YORK, N. Y. 


Congenital absence of a tendon is a very rare condition. The follow- 
ing is the only one of its type that has come under the observation of the 
writer. It was presented at the meeting of the Orthopaedic Section of the 
New York Academy of Medicine on October 20, 1933. No one in the 
audience had seen a similar condition. 


The patient was two and a half years of age upon his admission to the Hospital for 
Joint Diseases, on the Service of Dr. Samuel Kleinberg, on March 29, 1933. He was born 
with bilateral equinovarus which had been corrected by conservative treatment, but he 
walked with the feet adducted. This adduction was secondary to torsion of both tibiae 
and was corrected on April 7, 1933, by performing an osteotomy of the tibiae and out- 
wardly rotating the distal fragments. 

In addition to the deformity of his feet, the thumbs presented an unusual condition; 
they lay helplessly in the palms of the hands. The patient was unable to extend either 
thumb. There was no history of any paralysis and, in view of the deformities of the feet, 
it was reasonable to assume that he had a bilateral congenital absence of the extensor 


pollicis longus. 
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Fig. 1 
Drawing to illustrate the steps in the operation. 
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The left hand was operated upon first, on April 21, 1933. An incision, three and one- 
half inches long, was made over the extensor surface of the wrist. The extensor carpi 
radialis longus and extensor carpi radialis 
brevis were identified. The extensor 
carpi radialis longus was peeled off at its 
insertion into the proximal end of the 
second metacarpal. Further exploration 
disclosed an extremely attenuated tendon 
for the long extensor of the thumb, this ten- 
don being about one-third of the diameter 
of the lead of a pencil. The extensors of 
the index finger were identified and easily 
separated into two tendons. A segment, 
three inches long, was removed from the 
extensor digitorum communis tendon to 
the index finger and placed in warm saline. 

Next, an incision was made over the 
dorsum of the interphalangeal joint of the 
thumb and a bed prepared for the new 
tendon in the base of the distal phalanx. 
The segment removed from the extensor 
digitorum communis was sewed to the dis- 
tal end of the extensor carpi radialis longus 
with chromic gut and then passed sub- 
E cutaneously to the new bed and firmly Fig. 2 
anchored to the proximal portion of the Photograph of the deformity of the 
distal phalanx of the thumb. With a — thumbs prior to operation. 


Fic. 3 


Photograph made Sept. 27, 1933, showing the result of operation on the thumbs. 
Patient is able to make a fist, to abduct the thumbs, to adduct the thumbs, and to 
approximate the thumbs to each finger. His thumbs now function almost perfectly 
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small osteotome a flap was turned back on each side of the dorsum of the base of the 
Next a trough was made in this portion of the phalanx and the distal 
end of the free graft extension imbedded in this groove. The subcutaneous tissue 
was closed with plain catgut and the skin closed with dermal sutures. No attempt was 
A plaster-of-Paris thumb spica was 


phalanx. 


made to reconstruct any sort of tendon sheath. 

applied, holding the thumb in full extension. 
The same procedure was carried out on the right hand on May 19, 1933. 
Both thumbs were supported in plaster for a period of four months. Toward the 

latter part of the treatment they were removed from the plasters to permit exercises at 


times. 
It is interesting to note that when the patient first began to extend his thumb he 


could only do this by utilizing the abductors, which apparently were normal and when the 
movement was initiated by the abductors he could then begin to extend the thumb. 
Later he was able to easily extend both thumbs without this initial assistance. 


SUMMARY 

A case of bilateral congenital absence of the extensor pollicis longus is 

reported, in which operation was performed, utilizing the extensor carpi 

radialis longus muscle as a substitute. A free graft was taken from the 

common extensor tendon to the index finger to add sufficient length to the 

extensor carpi radialis longus,so that it could be substituted for the absent 
tendon. The result has been an almost complete cure. 


The writer wishes to thank Dr. T. Nicola for the drawing illustrating the operative 


procedure. 
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REMOVAL OF A PARATHYROID TUMOR IN A FIBROCYSTIC 
OSTEOPATH Y* 


BY LEWELLYS F. BARKER, M.D., BALTIMORE, MARYLAND 


The patient to be presented in the Clinic today has been under ob- 
servation here intermittently for nearly nine years. The history is of 
more than ordinary interest and is revelatory of the growth of our diag- 
nostic powers in endocrine and metabolic domains during the past decade. 


SUMMARY OF CASE HISTORY 


Johanna F., a housewife of German ancestry, now sixty-five vears of age, first ap- 
plied for diagnosis and treatment in May, 1925, stating that in 1923 she had had a slight 
injury and had broken her right arm. Though this fracture of the humerus had healed, 
the injury was followed by pain in and restriction of movement of the right shoulder. 
On x-ray examination, it was reported that there was a ‘‘ benign tumor of the upper half 
of the right humerus and evidence of the former fracture; no fresh fracture visible”’ 
No operation was performed. 

One year later, in May, 1926, the woman returned to the hospital stating that a week 
earlier she had injured the right arm very slightly but ‘heard the arm crack”. This 
injury was followed by pain, swelling, inability to use the arm, and insomnia. On ex- 
amination, there was marked anterior bowing and thickening of the right upper arm just 
below the shoulder, bone crepitus on palpation, and severe pain on attempts at move- 
ment. Because of the history of two “pathological fractures” after slight trauma, 
together with the x-ray findings, it was thought probable that either a giant-cell tumor 
or bone cyst in the upper part of the right humerus must be responsible. The blood 
pressure, the heart, and the urine were said to be normal. Accordingly, on May 19, 
1926, Dr. Dean Lewis operated, found a large cyst filled with choeolate-colored fluid 
with only a small amount of solid tissue, and curetted the cavity. The wall and the 
contents of the cyst were examined microscopically by Dr. M. G. Smith who found a 
fibrous wall, inside of which was granulation-like tissue containing many multinucleated 
giant cells; he made the diagnosis of ‘osteitis fibrosa cystica’’. 

The patient was admitted to the hospital (Surgical Service) for the third time on 
May 6, 1933, with a third “ pathological fracture ”’ of the right humerus, the bone having 
“‘eracked”’ when she picked a coat off the bed and held it out at arm’s length to shake it. 
In the interval between the second and the third admissions, she had suffered from pains 
in the face, neck, arms, and legs, so severe often as to keep her awake at night. She 
spoke of the pains as “‘neuritis’’ and said that aspirin relieved them. The joints had 
become stiff and were painful in bad weather. In 1932, she had had her gall bladder 
removed at Sinai Hospital because of indigestion and severe pains in the epigastrium, 
symptoms that disappeared after the cholecystectomy. 

On examination, in addition to the third fracture of the right humerus, the principal 
findings included undernutrition (weight, eighty-six pounds), marked anaemia (red 
blood cells, 2,700,000; hemoglobin, 62 per cent.), brownish pigmentation of the skin, 
marked kyphosis, arterial thickening with hypertension (blood pressure 165 85, oedema 
of the back, flanks, and lower extremities, and slight albuminuria; the serum calcium was 
high (12.9 milligrams per 100 cubic centimeters) and the phosphorus low (2.7 milligrams 
per 100 cubic centimeters). On account of these findings and the cystic changes in the 
bones with extensive rarefactions, it was believed that the patient was suffering from hyper- 
parathyroidism, probably due to an adenoma of one or more of the parathyroid glands, 
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and, on May 18, Dr. Trimble operated in the hope of finding and removing the neoplasm. 
On the left side no evidence of tumor could be discerned and, on examining the right side, 
nothing abnormal could at first be seen in the region of the parathyroids. On further 
search, however, while separating the deep fascia of the neck just below the right in- 
ferior thyroid artery, a smooth, glistening, rounded, dark purple hemorrhagic nodule 
“popped up” in the field, and turned out to be a parathyroid tumor, measuring two 
and one-half by two by one and one-half centimeters and containing a cyst. On histolog- 
ical examination, Dr. Stafford found it to be a true adenomatous tumor of a parathyroid 
(not mere hyperplasia). 

On the second day after the operation, the serum calcium had fallen to 10.58 milli- 
grams per 100 cubic centimeters and the phosphorus to 2.3 milligrams per 100 cubic 
centimeters. The patient was closely followed by Dr. James Bordley III, the head of the 
Resident Staff in Medicine. Because of the falling blood calcium, he ordered calcium 
lactate by mouth and much milk, in the hope of avoiding a postoperative tetany. As 
nausea and vomiting developed, the oral administration of calcium was stopped, and, 
though the Chvostek and Trousseau signs were still negative, some calcium gluconate 
was given intravenously. 

On the third day after operation, the serum calcium was only 7.4 milligrams per 
100 cubic centimeters, the phosphorus 2.1 milligrams per 100 cubic centimeters, and on 
the fourth day the calcium had fallen to 6.07 milligrams per 100 cubic centimeters and 
the phosphorus to 2.0 milligrams per 100 cubic centimeters. During the next few days, 
the serum calcium rose a little, reaching 8.2 milligrams per 100 cubic centimeters on the 
ninth day, though the phosphorus fell still lower (to 1.7 milligrams per 100 cubic centi- 
meters). The non-protein nitrogen was 46 milligrams per 100 cubic centimeters; the 
blood sugar, {03 milligrams per 100 cubic centimeters; and the carbon-dioxide combining 
power 22.1 volumes per cent. 

On the eleventh day after operation, the Chvostek test became slightly positive, 
though the Trousseau test remained negative. The patient received 2 grams of calcium 
gluconate intravenously every day and considerable milk, containing 0.5 grams of calcium 
lactate in each 100 cubic centimeters, was taken by mouth without producing nausea. 

A week later, the Chvostek test became strongly positive, rigidity of the neck ap- 
peared, and there was slight twitching of the fingers and of the face, but no definite car- 
popedal spasms. The intravenous calcium gluconate was continued as well as 10 grams 
of calcium lactate in milk daily with only slight nausea. The patient’s general condition 
improved somewhat and she was able to be up in a chair, but was too feeble to walk. 
Oedema persisted; the urinary output was rather low, and the carbon-dioxide combining 
power remained low. The blood pressure had come down to 140 85. 

It was Dr. Bordley’s opinion that careful studies of renal function and of the blood 
protein should be undertaken and that roentgenograms of the kidneys should be made, 
as he suspected that they might reveal pathological calcification. The patient was 
accordingly transferred to Prof. Longeope’s Service. At this time she became unable 
to void urine, and had to be catheterized regularly. She also began to vomit frequently 
again and the vomitus contained no free hydrochloric acid. There was marked ab- 
dominal distention. After each intravenous injection of calcium gluconate she would 
vomit. Intramuscular injections of parathormone were begun on June 11, when she 
received thirty units at twelve-thirty in the afternoon and thirty units at nine in the 
evening. The total protein as determined by the refractometer was found to be 1.3468. 
On June 12, large hemorrhages were found in both retinae on ophthalmoscopiec examina- 
tion. 

On account of the complicated situation, Dr. Read Ellsworth recommended cautious 
continuance of calcium therapy and the administration of twenty units of parathormone 
occasionally, making the intervals between doses as long as possible, in the hope that the 
patient’s own parathyroids would become more active. It was his opinion that the tetany 
had been mitigated by the acidosis and by the low serum protein. The blood chlorides 
had remained within normal limits despite the repeated vomiting. The patient was 
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given salt solution intravenously occasionally. On account of the low phosphorus 
content of the serum, twenty to thirty drops of viosterol 250 D were given daily. 

The serum calcium during the following week was still very low (5.1 milligrams per 
100 cubie centimeters); the phosphorus, 3.6 milligrams per 100 cubic centimeters; the 
non-protein nitrogen, 68 milligrams per 100 cubic centimeters; and the carbon-dioxide 
combining power, 33.4 volumes per cent.; and there was but little lessening of the anaemia, 
the red count continuing to be about 3,000,000 and the hemoglobin 55 per cent. Though 
the patient’s general condition was somewhat better, and she became able to void urine, 
Dr. Bedell felt doubtful regarding prognosis because of the persistence of the oedema, the 
hypocalcaemia, the acidosis, the anaemia, and the rising blood nitrogen. 

During certain periods, the patient’s subjective symptoms underwent marked 
exacerbation. Thus, on June 21, Dr. French found her irritable, uncooperative, and 
complaining of headache, a tight feeling in her throat, and the conviction that she would 
die. These symptoms were associated with a fall in the blood pressure to 118 90 and an 
exaggeration of the positive Chvostek sign. On parathormone administration, however, 
there was surprising improvement within a few hours, though on the following day the 
blood pressure fell to 108/65 and she was worse again, vomited much, and became dis- 
couraged and uncooperative. Marked tachycardia appeared, the pulse rate rising at 
times to 150. The blood calcium dropped to 4.7 milligrams per 100 cubic centimeters. 
Hydrothorax on the left side was found and drained. After digitalization, giving more 
parathormone, and pushing the intravenous calcium therapy, her condition improved, 
so that two weeks later the oedema had largely disappeared. The heart’s action had 
improved ; she was able to take 10 grams of calcium lactate daily by mouth; and the serum 
calcium had risen to 8.9 milligrams per 100 cubic centimeters, though the serum protein 
still remained near the critical level (1.348). 

Early in August, the non-protein nitrogen of the blood rose as high as 72 milligrams 
per 100 cubic centimeters, the phthalein output was low (only 7 per cent. in two hours) 
and a two-hourly test of the urine revealed a specific gravity that varied only between 
1.005 and 1.010. There were some pus cells in the urine and on urine culture there was 
a growth of colon bacilli. 

As the circulatory insufficiency had been overcome and the serum calcium had been 
fairly stabilized at a low level (around 6 milligrams per 100 cubic centimeters), the 
patient, despite her marked renal insufficiency, was permitted to leave the hospital on 
August 25 with instructions to take ten grams of calcium lactate, one quart of milk, 
some iron and ammonium citrate and ten drops of viosterol daily. 

She was readmitted to the ward on September 8 with symptoms of acute circulatory 
insufficiency (severe dyspnoea, slight oedema of dependent parts, and bilateral hydro- 
thorax). The blood pressure had risen to 180 120. She was placed in an oxygen tent 
and digitalization was begun and some theocin was given. The non-protein nitrogen 

yas still high (64 milligrams per 100 cubic centimeters) and the carbon-dioxide combining 
power was 41.2 volumes per cent. The serum calcium was 5.6 milligrams per 100 cubic 
centimeters and the phosphorus 5.2 milligrams per 100 cubic centimeters. Under treat- 
ment she improved rapidly again. On September 27, two infected teeth were extracted 
under local anaesthesia. 

A roentgenogram of the kidneys, made on October 7, revealed a large irregular area 
of calcification in the region of the left kidney. Roentgenograms of the bones indicated 
no increase in lime deposits in the skeleton. 

Toward the end of October, the non-protein nitrogen of the blood had risen to 84 
milligrams per 100 cubic centimeters, and in early November the phthalein output was 
20 per cent. in two hours. There was no improvement in the red-cell count. The coli- 
bacillary urinary infection still continued. The administration of iron had to be dis- 
continued as it seemed to nauseate her. 

On November 19 she left the hospital again with instructions to continue chronic 
digitalis therapy and to take 8 grams of calcium lactate daily by mouth. 

The patient has been good enough to come to the hospital today in order that I 
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may present her in person at this Clinic. This forenoon, her condition was carefully 
rechecked by Dr. J. E. Howard who found her pulse rate 64 and the blood pressure 
175/100; though she is still dyspnoeic, there is no hydrothorax now, nor any oedema of 
the extremities. A first-degree Chvostek sign is still demonstrable, but the Trousseau 
sign is negative. Studies of the blood chemistry today show: non-protein nitrogen, 62 
milligrams per 100 cubie centimeters; carbon-dioxide combining power, 39 volumes per 
cent.; calcium 5.6 milligrams per 100 cubic centimeters; phosphorus, 4.6 milligrams per 
100 cubic centimeters; and plasma protein, 7.25 grams. 
DIAGNOSTIC CONCLUSIONS 

In view of this history and the many tests that have been made, the 
main points in the diagnosis at present would seem to be the following: 

1. Fibrocystic osteopathy with history of spontaneous fractures 
and with kyphosis, associated with pains in the face, neck, and extremi- 
ties and with calcification in the region of the left kidney, all of parathy- 
roid origin due to a parathyroid adenoma, removal of which was followed 
by hypoparathyroidism with transient tetany, hypocalcaemia, and 
acidosis. 

2. Chronic circulatory insufficiency with arteriosclerosis, enlarge- 
ment of the heart, recurrent oedema, and hydrothorax, and crises of 
arterial hypertension. 

3. Chronic nephropathy with nocturia, albuminuria, and cylin- 
druria, tendency to fixation of the specific gravity of the urine at a low 
level, markedly reduced phthalein output, and high non-protein nitrogen 
in the blood. 

4. Moderately severe anaemia (red blood cells under 3,000,000; 
hemoglobin, 50 to 60 per cent.). 

5. Infection of the urinary tract (bacillus coli) with slight pyuria. 

6. Bilateral hemorrhagic retinitis. 

7. Gastro-enteropathy (achlorhydria gastrica (?), some papillary 
atrophy of the tongue, and a history of chronic constipation and of recur- 
ring abdominal distention). 

8. Undernutrition. 


COMMENTS UPON CERTAIN SPECIAL FEATURES OF THE CASE 
The Parathyreopathy and the Calcium Content of the Blood. 


Though this patient has evidently had fibrocystic disease and de- 
mineralization of the skeleton for many years, it is rather surprising that 
the hypercalcaemia before the operation for removal of the adenoma was 
not more marked. The preoperative blood-calcium content of the serum, 
though higher than normal, did not exceed 12.9 milligrams per 100 cubic 
centimeters, whereas in many other cases of parathyroid adenoma studied 
it has been much higher, even 18 milligrams per 100 cubic centimeters, 


or more. 
In addition to the slight degree of the hypercalcaemia before opera- 


tion, another surprising feature has been the persistence of very low 
calcium values in the serum since the removal of the tumor. Though a 
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sharp fall in the blood calcium always follows removal of a parathyroid 
adenoma and transient tetany is common, it is very unusual to have so 
marked and so persistent a postoperative hypocalcaemia as has been 
observed in this patient. Moreover, though the tumor was removed 
nearly nine months ago, there has as yet been no evidence of remineraliza- 
tion of the bones; whereas ordinarily lime soon begins to be redeposited 
in the skeleton and this can be easily demonstrated by roentgenograms. 

Two possible explanations occur: (1) we may have had to deal with a 
hypofunction of all the parathyroid glands except that in which the 
adenoma developed, or (2) it may be that there has been some factor (in 
addition to hyperparathyroidism) concerned in reducing the basic ion 
content of the body, a factor that was active before operation and has 
continued to be active since. I have been wondering whether or not the 
prolonged acidosis due to the renal disease could possibly have been such 
a factor in this patient, inasmuch as it is well known that in long-continued 
acidosis the body may undergo impoverishment in basic ions. 


The Circulatory Disorder. 

This patient has had a chronic circulatory insufficiency with re- 
curring signs and symptoms of decompensation (dyspnoea, oedema of 
the extremities, hydrothorax, dilatation of the heart, ete.). The heart 
is considerably enlarged, and there is a systolic murmur, probably due to 
relative mitral insufficiency. There have been periods of outspoken 
arterial hypertension, alternating with periods of lower blood pressure. 
The palpable peripheral arteries are distinctly thickened. That we have 
here to deal in the main with an atherosclerotic cardiopathy would seem 
to be very probable. 


The Nephropathy. 

The presence of albumin and casts in the urine, the low phthalein 
output, the tendency to fixation of the specific gravity at a rather low 
level (between 1.005 and 1.010), and the high non-protein nitrogen con- 
tent of the blood all point to marked impairment of renal function. These 
signs, in association with a generalized arteriosclerosis, and with arterial 
hypertension, make one think of the probability of a renal disease of 
vascular origin (arteriolar nephropathy). 

Another possible factor in the origin of the renal disease should, 
however, be kept in mind. It is now known that, in hyperparathyroidism, 
severe injuries to the kidneys may occur (degenerative changes, lime 
deposits, ete.). To the American Journal of the Medical Sciences for 
January 1934, Albright, Baird, Cope, and Bloomberg have contributed 
a valuable article upon the renal complications of hyperparathyroidism 
and have described three or four more or less distinct varieties. Whether 
or not the lime deposits in the region of the left kidney, observable in the 
roentgenograms of our patient, are really in the kidney itself or only in 
its neighborhood, we cannot be sure, since, in hyperparathyroidism, lime 
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deposits in fatty and other soft tissues within the abdomen not infre- 
quently occur. 

It is not improbable that the renal insufficiency in our patient may be 
partly of vascular origin, partly of hyperparathyroid origin. Because 
coli-bacillary infection of the urinary tract was demonstrated to exist, 
some of the medical staff have thought of the possibility also of an as- 
cending pyelonephritic factor. 


The Persistent Anaemia. 


The red count has not increased under the administration of iron, 
despite the fact that the anaemia has been presumed to be of a secondary 
type. This fact, together with the high color index, the papillary atrophy 
of the sides of the tongue, and the observation that no free hydrochloric 
acid was present in the vomited stomach contents, should make us keep 
in mind the possibility of the existence of an atypical Addison’s anaemia, 
even though the spleen is not palpable and no marked anisocytosis has 
been observed. I think it might be worth while to give hydrochloric 
acid and ventriculin with the meals and to administer some liver extract 
parenterally; we should then see whether or not this treatment is more 
effective than the use of iron and ammonium citrate has been. 

You will all agree that we have to deal with a very complex situation. 
The case is one that cannot fail to be of interest, not only to internists, but 
also to special workers in orthopaedics, in cardiology, in hematology, in 
endocrinology, and in disturbances of mineral metabolism. One cannot 
help but be cautious with regard to prognosis, especially in view of the 
limited results of the therapeutic measures that have thus far been applied. 
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SPONDYLOLISTHESIS IN AN INFANT 
BY SAMUEL KLEINBERG, M.D., NEW YORK, N. Y. 


Spondylolisthesis, recognized and described about seventy-five years 
ago, has in recent years engaged the attention of so many surgeons that 
more cases have been described in the last two decades than in the previ- 
ous five. Neugenbauer originally described spondylolisthesis as a dis- 
location of one of the lower lumbar vertebral bodies, made possible by the 
existence of a congenital defect in the neural ring. This author and others 
believed the defect to be a congenital lack of osseous fusion. Some writers 
interpreted the defect as a developmental attenuation and elongation of 
the laminae, which in the process of growth caused a forward subluxation 
of the vertebral body. Still other students believed that the displacement 
was traumatic,—that is, that it had resulted from an injury in which the 
pedicles or laminae had been fractured. These three theories have, in 
recent years, been subjected to critical analysis in the light of the patho- 
logical anatomy revealed in the living subject at spine-fusion operations, 
in the cadaver at autopsy, and in both through improved modern roent- 
genography. 

It is now generally believed that the basis for spondylolisthesis is a 
congenital bilateral osseous defect in the pedicles between the superior 
and inferior articular processes. Thus the vertebral body and the superior 
articular processes in front are joined to the inferior articular processes 
and the neural arch posteriorly only by fibrous connective tissue. The 
time of the actual dislocation and what occasions it have not been defi- 
nitely determined. In about half the cases that come to the surgeon's 
notice there is a distinct history of trauma, which is entirely competent 
to tear or stretch the fibrous union at the site of the defect and to produce 
the dislocation. But there are a considerable number of individuals in 
whom spondylolisthesis is discovered, without any history of provocative 
injury and even without any symptoms. In these instances it is assumed 
that such factors as overweight, lordosis, horizontal sacrum, or the cumu- 
lative effect of repeated minor traumata, occupational or otherwise, have 
influenced the production of the dislocation. In this group there is no 
way of deciding when the deformity appeared. It may have been present 
at birth. This brings me to the substance and purpose of this communi- 
cation,—namely, the record of a case of congenital spondylolisthesis. 

Baby M., seventeen months old, was admitted to my clinic at the Hospital for Joint 
Diseases for treatment of a congenital dislocation of the left hip. Nothing unusual was 
noted in the back, but in a routine x-ray study it was discovered that this patient had a 
marked spondylolisthesis. The anteroposterior view (Fig. 1) shows, as the arrows (a 
indicate, a bilateral vertical laminar defect. On the right side the cleft is almost a gap. 
The lateral view (Fig. 2) shows a forward displacement of the body of the fifth lumbar on 


the sacrum to a distance of more than half of its anteroposterior diameter. The defect is 


seen as a linear break (a) in the bony substance of the pedicle at the constricted portion, 


44] 


442 SAMUEL KLEINBERG 


1 
Anteroposterior view. At a are visible bilateral defects in the pedicles of the 
fifth lumbar vertebra. 


that is, at the site of union of the superior and inferior articular processes. This lesion 
aS and the identification of its site become apparent by a comparison of the fifth with the 
other lumbar vertebrae. The long axis of the sacrum is almost vertica!, and its superior 
surface is practically flat, although in spondylolisthesis in the adult it is usually convex. 
It is noteworthy, too, that the laminae of the fifth lumbar are, judging from the appear- 
ance of the other vertebrae, unusually short. 
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This patient, an infant, 
not only shows the typical 
forward displacement of the 
body of the fifth lumbar 
vertebra, but also exhibits 
the characteristic bilateral 
defect in the pedicles. There 
is no history of injury, and 
the infant had been walking 
only a few weeks; so that 
the lesion of spondylolisthesis 
was manifestly present at 
birth, and may be considered 
as truly congenital. Up to 
the early part of last year 
when I reviewed the litera- 
ture in preparing an article on 
“Spondylolisthesis and Pre- 
spondylolisthesis,’’! the 
youngest patient with spon- 
dylolisthesis on record was 
ten years of age. I believed, 
as did many others, that, 
while spondylolisthesis un- 
doubtedly depended on a con- 
genital osseous defect in the 
neural ring, the actual dislo- 
‘ation came after birth, dur- 
ing adolescence or more 
commonly in adult life, and 
thus spondylolisthesis was 
an acquired deformity. But 
the case here reported throws 
doubt on such a_ theory. 
Here is at least one instance 
of an actual congenital spon- 
dylolisthesis, and it may be 
that at least some others are 
also congenital. This con- 
cept of a congenital spon- 
dylolisthesis is strengthened 
by the observation that not 


—— 
Fic. 2 
Lateral view. Note the very marked forward 
displacement of the body of the fifth lumbar (5L) 
on the sacrum (S). The long axis of the sacrum 
is almost vertical. At a is seen the distinct gap 
or cleft in the pedicle. 


a few of the patients with this lesion have no symptoms, the lesion having 
been discovered by accident in a routine physical and roentgenographic 
study. The study of the case herein described throws some doubt also 
on the hypothesis of a state of pre- or potential spondylolisthesis, which 
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was first presented by Dr. Armitage Whitman and more recently em- 
phasized by me in the review of a group of nine cases reported ? at the 
Annual Meeting of the American Orthopaedic Association in May 1933, 
and to which group I have since added several more. All of my cases of 
pre- or potential spondylolisthesis had laminar defects. More than half 
of them, having more or less marked symptoms, were operated upon; 
the presence of the laminar defect was confirmed; and the symptoms were 
relieved by spine fusion. 

The subject of the genesis of spondylolisthesis is, therefore, in a meas- 
ure still sub judice. From the record of even this isolated case it must be 
conceded that spondylolisthesis may be purely a congenital deformity. 


SUMMARY 


A case of spondylolisthesis in an infant is herein described. ‘The 
typical forward dislocation of the body of the fifth lumbar vertebra is 
present. There is a bilateral defect in the pedicles visible in the antero- 
posterior and lateral roentgenograms. There are no symptoms referable 
to the vertebral dislocation. The discovery of this case of congenital 
spondylolisthesis makes it likely that others are also congenital, and 
necessitates a more careful and critical study of this type of deformity in 
relation to its exact onset, particularly in the absence of a history of a 
definite injury or sudden appearance of subjective symptoms. 
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PARATYPHOID OSTEOMYELITIS 


A Report or Two ApDITIONAL CASES 


BY J. ROSS VEAL, B.S., M.D., AND ELIZABETH M. MCFETRIDGE, M.A., 
NEW ORLEANS, LOUISIANA 


From the Department of Surgery of the Louisiana State University Medical Center and the 
Department of Surgery of Charity Hospital in New Orleans 


Although the majority of all cases of osteomyelitis are caused by the 
staphylococcus or the streptococcus, it is well to remember that other pus- 
forming organisms are sometimes responsible for these bone lesions. Ac- 
cording to Winslow, for instance, .82 per cent. of all cases of typhoid fever 
give rise to metastatic bone involvement, while .45 per cent. of all osteo- 
myelitis is typhoid in origin; and Keith and Keith, in a collected review 
of 18,840 cases of typhoid fever and 700 cases of osteomyelitis, report 
approximately the same incidence,—.87 per cent. and .43 per cent., 
respectively. 

In view of the very limited number of cases on record, we feel war- 
ranted in putting into the literature two additional reports of paraty- 
phoid osteomyelitis. 


CASE REPORTS 


Case 1. Colored male, aged three years, was admitted February 19, 1933, with a 
story of intermittent fever, highest at night, for the past two weeks, accompanied by 
general malaise and “hurting’’. A week before admission localized pain had developed 
in both arms, especially about the elbow joints; and five days before admission there had 
been a complaint of pain in the left thigh, though at no time had there been any external 
evidence of disease in the affected regions. The previous history was without incident. 

Physical examination revealed a negro child, apparently in severe pain and acutely 
ill. There was marked anaemia. The tonsils were chronicly diseased ; but the examina- 
tion was otherwise negative, except for tenderness and pain on pressure over the entire 
course of the left femur beyond the joint and slight tenderness on palpation about the 
right elbow joint. There was no limitation of motion, no visible swelling, nor subjective 
sense of heat in either the arm or the thigh. 

Three days after admission osteotomy was done (ether, Dr. Walter O. Moss) on the 
lower left femur and the lower right humerus, both wounds being packed with vaselin 
gauze. The febrile reaction persisted, and saucerization of the involved bones was done 
May 26 (ether, Dr. Urban Maes), again with no improvement. The temperature eleva- 
tion persisted, at times reaching 107 degrees, Fahrenheit; and «a pyodermia developed, 
cultures from which revealed staphylococci. Mixed vaccines, injections of citrated 
blood, a transfusion of whole blood, and other measures were without avail; and the child 
died on June 26, four months after admission. 

Blood count on admission showed: white blood cells 9,950, neutrophiles 61 per cent. : 
on March 5: white blood cells 16,000, neutrophiles 48 per cent.; on June 24: white 
blood cells 51,000, neutrophiles 39 per cent., red blood cells 2,460,000. Urinalysis and 
Wassermann reaction were negative. Repeated x-ray studies of the involved bones 
revealed typical osteomyelitic lesions; roentgenographic examination of the other long 
bones, the mastoids, and the chest was negative. 
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The pus from the first operation revealed a positive agglutination for bacillus 
puratyphosus B in dilutions 1:50, 1:100, and 1:200, but no agglutination for the A 
strain or for bacillus typhosus in the same dilutions. Blood culture at this time, as well 
as a month later, was positive for bacillus paratyphosus B, as was culture of the pus 


from the bone. 
The positive postmortem findings follow: 


Fig. 1 


; Case 1. Roentgenogram of left femur show- 
ing early elevation and thickening of the 
periosteum. 


* Anatomical: The heart and kid- 
neys show cloudy swelling. The 
spleen, which weighs 150 grams and is 
slightly enlarged, is purplish-red in color 
and rather soft. The pulp, on section, 
is deep red and scrapes away under the 
knife. 

** Microscopic: The lungs show an 
surly broncho-pneumonia. The kid- 
neys and liver show cloudy swelling, 
and there is a marked fatty infiltration 
of the latter organ. The spleen shows 
evidence of hemorrhage and congestion, 
but the typhoid cells usually seen in 
typhoid and paratyphoid fever cannot 
be identified. 

Bacteriological: Examination of 
the retroperitoneal lymph glands ad- 
jucent to the pancreas and spleen shows 
bacillus paratyphosus B, while the iliac 
lymph nodes draining the right thigh 
show a mixed infection, bacillus para- 
typhosus B and staphylococcus”’. 


Case 2. Colored male, aged eight 
years, admitted April 20, died June 6, 
1933. Four days before admission he 
began to complain of severe pain in 
the lower third of the right thigh, the 
middle third of the right leg, and the 
entire right arm, followed by chills and 
high fever, which persisted until admis- 
sion. Constipation had been present 
since the onset of the illness. For the 
last three years the child had had re- 
peated attacks of pain in the forearms 
and the calves of both legs, lasting two 
to three days and accompanied by local 
swelling and by chills and high fever. 
The pain at no time involved the joints. 
Six months ago a severe backache neces- 
sitated medical treatment, but the de- 
tails of this illness could not be elicited. 

Physical examination revealed an 
acutely ill child, apparently in extreme 
pain, with a temperature of 103 degrees, 
Fahrenheit. The positive findings 
were limited to the tonsils, which were 
red and injected, and to the right thigh, 
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2 


Case 1. Roentgenogram of right humerus after operation, showing advanced 
osteomyelitis. Note the unusually marked involvement of the central portion of 
the bone. 


which was swollen to twice its normal size. Manipulation of the thigh caused extreme 
pain, and tenderness, elicited over the whole course of the femur, was most marked 
over the lower third. 

Immediately on admission numerous drill holes were made in the lower right femur 
(ether, Dr. Felix A. Planche) and a large amount of pus was evacuated. Staphylo-jel 
was injected into the cavity and the wound was packed with gauze. A slight improve- 
ment followed, but within three weeks the temperature had reached its original elevation, 
a pyodermia had developed, as in the first case, and there was no response to any of the 
supportive measures employed, including transfusion. A second osteotomy was there- 
fore decided upon, frankly as a last resort, and was performed on June 6, a large amount of 
pus being evacuated (ether, Dr. Planche). The child did not react from the anaesthetic 
and died within the hour. Permission for autopsy was refused. 

Blood count on admission showed: white blood cells 25,000, neutrophiles 82 per cent. 
Pus from the bone revealed bacillus paratyphosus B. Repeated x-ray studies revealed 
extensive osteomyelitis of the lower right femur, not suggestive of any unusual in- 
fecting agent. Urinalysis, Wassermann reaction, Widal test, and blood culture were 
negative. 


COMMENT 

Typhoid osteomyelitis, while admittedly infrequent, is not usually 
overlooked, at least as a diagnostic possibility; but infection by the re- 
lated organism of typhoid, the bacillus paratyphosus, is apparently quite 
generally ignored. Since the organism of paratyphoid has an affinity 
for all systems, it is possible for any part or organ of the body to be af- 
fected by it, though the bones and joints are only rarely involved. Wins- 
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low states that, although he saw 100 cases of paratyphoid fever in an 
epidemic among American troops in Mexico in 1916, no individual, at 
least at the time of his illness and during his convalescence, complained 
of any bone dyscrasia; and Webb-Johnson, in 1038 cases, observed only 
two instances of bone involvement, both of them arthritic. 

In 1924 and 1925 Nathan Winslow collected the thirteen cases of 
paratyphoid osteomyelitis reported in the literature to date, which were 
distributed as follows: the costochondral junction, four cases (Cushing, 
Fischer, Rissler, Eschbach) ; the tibia, two cases (Bushnell, Spassokukzky) ; 
the femur, two cases (Jensen and Koch, Ceccarelli); the sternoclavicular 
junction (Achard and Bensaude); the mastoid (Buchholz); the rib 
(Emile-Weil); the ulna (Romero); the humerus, the radius, the scapula, 
both ulnae, and both fibulae in the same patient (Carrington and Davison). 
Since that date Barco has reported a case of paratyphoid osteomyelitis 
of the distal extremity of the forearm, details of which are lacking in the 
only abstract at hand, and Wilensky and Samuels have reported a case 
involving the sternum. Winslow, ina personal communication, has called 
our attention to another case of paratyphoid osteomyelitis of the sternum 
which was reported by Peloquin, Peradon and Vogelin in 1922 and was 
overlooked in his collected summaries. These cases, with the two we are 
herewith reporting, bring the total number now on record to eighteen. It 
should be noted that Achard and Bensaude’s and Cushing’s cases were 
reported before the organism of paratyphoid was identified and studied 
by Schéttmuller in 1900 and again in 1901, and before the division of the 
group into A and B by Buxtum in 1902. In all the reported cases, except 
those of Bushnell and Barco, the invading organism belonged to the B 
group. 

It is hard to believe that these cases represent more than a fraction 
of the incidence of paratyphoid osteomyelitis, since, as in all rare 
conditions, the majority of cases are not reported, and because of 
the notorious indifference of many surgeons to the laboratory studies 
which alone can establish the diagnosis. From them, however, few as 
they are, certain deductions can be drawn. It is evident that the disease 
occurs very much more frequently in males than in females, that the age 
incidence is variable, and that the thoracic bones seem to be most fre- 
quently affected. The preceding history is not typical. Most of the re- 
ported cases present a history of a febrile period ranging from a few weeks 
to many months before the onset of bone symptoms, or a definite story of 
enteric fever, which is usually considered to be typhoid, although the 
onset of pain may be the first symptom to attract the patient’s attention 
to his condition. In one of our own cases there was a mild febrile illness 
with malaise for two weeks before bone involvement was apparent. In 
both instances, of course, the youth of the patients and the ignorance of 
the parents may have had a good deal to do with the vagueness of the his- 
tories. The reported cases, however, as well as our own, make it clear 
that the process may be quite acute and accompanied by all the usual 
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signs of acute osteomyelitis, or may be insidious in onset and chronic in 
its course. The lesions may be single or multiple, but are usually single. 
Temperature, pulse, and respiration are variable, as is the blood count, 
exactly as happens when the staphylecoccus or the streptococcus is respon- 
sible for the lesion. 

The earliest demonstrable x-ray sign, a thickening of the periosteum, 
is in no way typical. The primary focus of infection is apparently more 
central than terminal, if we may so express it, the diaphysis being affected 
primarily rather than the juxta-epiphyseal region. This distinction, 
however, is a dubious one, especially in adults, in whom the diaphysis is 
quite as likely to be affected primarily as is the epiphysis. Furthermore, 
when once the process has gone on to suppuration, the greater involve- 
ment of the shaft is naturally not very clear-cut. 

Diagnosis, therefore, must be the business of the bacteriologist, and 
must rest upon the characteristic agglutination tests and upon the identi- 
fication of the organism from the blood stream or from the discharge 
from the bone lesion. The agglutination tests, as Stephan points out, are 
not entirely reliable; though such a case as he reports, that of a patient who, 
after vaccination against typhoid, developed an apparent paratyphoid 
bone lesion, is not likely to be encountered very often. In the cases we 
are reporting the diagnosis was beyond doubt ; the agglutination tests were 
positive, as was the blood culture in one case, and bacillus paratyphosus B 

ras identified in the pus removed from the bones in both cases. 

Carrington and Davison’s patient died from some undetermined 
‘ause two years after the osteomyelitis had been apparently cured; and the 
patient reported by Peloquin, Perodon and Vogelin died of pleuro-pneu- 
monia, in the course of treatment. There were, as far as can be deter- 
mined, no other fatalities in the reported cases, and in most of them the 
patients do not seem to have been critically ill. Both of our cases ter- 
minated fatally, in spite of adequate surgical drainage, repeated endeavors 
to identify new foci of infection, and the use of all possible supportive 
measures. The marked loss of weight in both children, the development 
of pyodermia, the low-titer agglutination tests, and other evidences of a 
lack of resistance to the infection made the fatal outcome not unexpected 
in either case. Indeed, in the second case the bacteriologist predicted 
that further surgery would be fatal; but the surgeon, in view of the local 
conditions present, had no choice but to interfere, for the release of the 
localized pus was clearly indicated. 

While good results have been reported from the use of vaccines in at 
least two cases in this series (Emile-Weil, Romero), as well as in a doubtful 
‘ase reported by Emile-Weil and not included in this series, the part of 
wisdom would seem to be to follow the surgical maxim of providing an exit 
for pus whenever pus is present. Certainly, if we are to judge from the 
sases collected by Winslow, that course, in spite of its failure in our per- 
sonal cases, would seem to be indicated. Perhaps the use of vaccino- 
therapy asan adjunct tosurgery would be a wise precaution in future cases, 
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SUMMARY 


1. To the sixteen cases of paratyphoid osteomyelitis reported in the 
literature, the majority of which have been previously collected by Nathan 
Winslow, are added detailed reports of two cases seen personally. 

2. A brief note is made of the outstanding considerations of this 


rare condition as deduced from these reports. 


Notr.—We desire to express our appreciation to Dr. Walter O. Moss and Dr. Felix 
A. Planche, of the Charity Hospital, House Surgical Service, for a to report 
these cases, and to the members of the Department of Pathology of Charity Hospital for 


their bacteriological studies. 
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PIVOT OSTEOTOMY OF THE FEMUR 
BY HUGH E. COOPER, M.D., PEORIA, ILLINOIS 


Occasionally it becomes necessary to correct a curvature in the shaft 
of the femur, the curve being the result of rickets or possibly of the mal- 
union of an old fracture. The deformity in these cases is sometimes so 
great that not only is it unsightly but also, if not corrected, it will cause 
gradual damage to the knee joint through the dysfunction of the joint. 

The case illustrated is that of an eighteen-vear-old girl with a very 
unsightly deformity of the femora (Fig. 1). A like deformity in the 
lower legs had been corrected when she was a child of two. At the time 
of examination there was marked lateral instability of both knees, due 
to bad alignment, as well as rather advanced flat feet, due to the same 
cause. 

Osteotomy of the shaft of both femora with immediate correction of 
the deformity is a fairly simple procedure except for the ever-present 
possibility, especially in older individuals, of the bones slipping at the 
site of the osteotomy and causing overriding with consequent shorten- 
ing and even non-union. A number of special osteotomies— V-shaped, 
curved, etc.—have been described to prevent this eventuality. The 
method here described is efficient and quite simple. 

The patient is placed 
on the Hawley table, 
the feet being fastened | 
to the stirrups with the 
center pin against the 
perineum. The feet are . 
placed about a_ foot 
apart. A cast is applied 
about the trunk, but ex- 
tending down only two 
or three inches onto the 
thighs. Casts are ap- 
plied on the lower legs, 
extending up only to 
the knees. This leaves 
the thighs bare for a 
space above and below 
the sites of the pro- 
posed osteotomies. 

Both thighs are now 
carefully prepared for 
operation. Before drap- Fia. 1 
ing, a Kirschner wire is Roentgenogram of both femora showing marked bowing. 
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introduced into the front of each thigh and drilled by means of the wire 
drill through the femur in an anteroposterior direction (Figs. 2 and 3). 
This wire may be angled slightly outward to stay away from the vessels 
and nerves of the back 
of the thigh. Each wire 
now extends completely 
through the thigh. Wire 
bows are fastened to 
these wires, each being 
fastened on the inner 
side of the thigh. The 
traction handles of the 
two bows are now fas- 
tened snugly together 
by adhesive or a small 
piece of plaster band- 
age. This absolutely 
fixes both legs so far as 


abduction or adduction 
Line drawing showing lateral view of thigh with . 
incision over shaft of femur. The Kirschner wire is  }5 concerned, 
shown passing vertically through the thigh. The two The legs are now 
saw cuts are shown on either side of the wire with a row 
of drill holes connecting them. carefully draped for an 


incision on the lateral 
surface of each thigh. <A longitudinal incision is made on the lateral 
surface of the thigh down to the femur, the center of the incision being 
opposite the point where the wire passes through the femur. By retrac- 
tion of soft tissues, the wire may 
be seen passing through the bone 

(Fig. 2). By means of a small a 
saw, a cut is made in the femur, 
one-half an inch proximal to the 
wire from above downward, half 
way through the bone. A similar 
saw cut is made from below up- 
ward, half way through the bone, , — 
at a point one-half inch distal to 
the wire. A series of drill holes 
are now made through the bone m8 es, 
connecting the deepest points of : t_: 


SG) 


the two saw cuts. This series of . 
drill holes, placed closely together, Fic. 3 
so weaken the bone that a slight Line drawings showing the osteotomy in 


jar to the leg will cause a frac- the front and lateral views. In the front 
; view the two wire bows are shown fastened 


ture, giving a sort of Z-type os- together to prevent any movement of the 
teotomy,. with the wire extending femora proximal to the point of osteotomy. 
yy ® Both views show how pivoting takes place 


vertically through both fragments on the wire. 
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Fic. 4 
| A composite x-ray of both legs showing the correction of the bowing. The 
wires and wire bows are still in position. 
(Figs. 2 and 3). The wound is immediately closed and a like osteotomy 
is done on the other leg. Now it becomes possible, by abducting the 


lower legs which are fastened to the foot pieces of the 
| Hawley table, to make a complete correction of the 
bowing, the end of each femur being held firmly by 
the wire which extends through it (Fig. 4). When 
the proper correction of each bow has been made, the 
foot pieces are again made fast. The thighs are cov- 
ered by sheet wadding, and plaster is applied, covering 
the thighs and connecting the double hip spica to the 
leg casts below. A bar is placed across between the 
legs to give strength to the cast. The patient is put 
to bed with the wires and bows still in position. At 
the end of two weeks, the bows and wires are removed 
and the cast left on until union occurs. 
This method is an improvement on the ordinary 
osteotomy of the femur for at least two reasons. The 


rigid fixation of the pelvis, the fixation of the feet on /S°7°3aRe a> 
the foot supports, and the fixation of the femora by ee 
‘IG. 
means of the wire bows fastened together give a very ' 
Photograph 


satisfactory mechanical accuracy to the correction of — showing the pa- 
the deformity. The fixation of both fragments on ty — 

rs one aiter we correc- 
the Kirschner wire eliminates the possibility of over- tion. 


riding with possible shortening or non-union. 
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THE SCREW-DRIVER EXERCISE AS A CORRECTIVE 
ASSIGNMENT IN ARM PARALYSIS AS THE RESULT 
OF POLIOMYELITIS 


BY MILTON H. BERRY, VAN NUYS, CALIFORNIA 
Director of the Milton H. Berry Institute of Pathokinesiology 


The use of a screw-driver as a corrective exercise to reeducate certain 
muscle groups of the shoulder, arm, and forearm is of definite therapeutic 
value, especially with children, because of the fact that its use incorporates 
a ‘‘game’’,—a spirit of contest or conquest that is sometimes difficult to 
obtain in a routine, resisted exercise. 

In the normal use of a screw-driver, the handle is grasped by the 
hand and fingers as the result of the action of the finger flexors. The 
wrist is locked by the action of both the hand flexors and extensors. 
The supinating action of the forearm is made possible through the action of 
(1) the biceps as a prime mover, and (2) the brachioradialis through the 
first half of the movement. The forearm is extended as the result of the 
action of the triceps. The outward rotation of the humerus is the result 
of the action of the infraspinatus and 
teres minor, which act more forcibly 
when the manoeuver is performed with 
a straight arm. 

Beevor was the first to explain the 
apparent phenomenon of the biceps act- 
ing as a supinator without flexing the 
forearm, when it is a prime mover in both 
movements (which is what occurs in the 
screw-driver exercise). This is made 
possible by the action of the triceps which 
contracts with enough force to prevent 
the flexion action of the biceps. The 
result is that the biceps will give true 
supination. In the screw-driver exer- 
cise, however, the triceps also has another 
function,—namely, that of extending the 
§=6forearm with enough force to hold the 

Fig. 1 screw-driver in the screw slot. 

In arm and shoulder paralysis it is 
highly important to obtain the maximum salvage from at least four 
muscles: (1) the biceps, due to the fact that its long head is an impor- 
tant factor in holding the head of the humerus in place in the glenoid 
cavity, and also because it is a prime mover in the action of supination,— 
one of the most important and most used movements in every-day life; 
(2) the triceps, due to the fact that the long head of this muscle is an 
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important factor in holding the head of the humerus in place; (3) the 
infraspinatus; and (4) the teres minor, due to the fact that these are 
the only two outward rotators of the humerus, a movement that is most 
necessary and often used in daily life. 

Technique:—A pine board, one inch thick and sixteen inches square, 
is placed before the subject; upon this board there are twelve or fifteen 
screws, varying from No. *4 X10 to No. 24x14 (Fig.1). The manoeuver 
is then executed in both the bent-arm and straight-arm positions (Fig. 2 
and Fig. 3). The screw is turned ‘‘in’’ when the right arm is involved 
and ‘out’ when the left arm is involved. The director may also pre- 
scribe a pronating or a supinating manoeuver or both, depending upon the 
muscles involved. However, if there is to be a choice of salvage, it is 
more important to concentrate upon thesupinating manoeuver. Measur- 
ing the amount the screw is turned either ‘‘in’’ or ‘“‘out’’, from time to 
time, provides a record of improvement. Larger screws are substituted 


as increased strength is developed. 
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RUPTURE OF THE QUADRICEPS EXTENSOR TENDON 
A Case REPORT 


BY GASTON A. CARLUCCI, M.D., F.A.C.S., NEW YORK, N. Y. 


Associate in Surgery, College of Physicians and Surgeons, Columbia University 


It is a well known fact that fracture of the patella is one of the com- 
monest knee-joint injuries, while rupture of the quadriceps extensor 
tendon is rarely seen. 

A perusal of the Bellevue Hospital records for the past ten years 
shows that during this period 318 cases of fractured patella have been 
admitted and only four cases of ruptured quadriceps tendon. 

This great disparity in numbers is also noted in the literature and 
very little is found in the text-books regarding this injury. 

The case that came under the writer’s observation showed such a 
complete rupture close to the bone that it required fascial sutures to 
reunite the tendon to the patella, and it is, therefore, reported in detail. 


P. S., sixty-five, male, was admitted to Bellevue Hospital March 7, 1932, with a 
history of having stumbled and fallen two days previous to admission, injuring his right 
leg. He had been unable to raise his leg since the accident and the knee had become 
swollen and black and blue. 

Physical examination showed a well built man in good general health, with a swollen 
ecchymotic knee. Patient was unable to raise the injured leg off the bed and, on at- 
tempting to do so, a definite sulcus showed up, just dorsal to the patella. Roentgeno- 
grams showed no fracture of the patella. 

Diagnosis of ruptured quadriceps tendon was made 
and at operation a transverse tear, extending across the 
whole tendon and including the lateral expansions, was 
found. The tendon was torn completely off the patella 
and the tear had gone through the capsule of the knee 
joint which was filled with blood clots. The separation 
between the tendon and the patella was at least four 
centimeters. Aftercleaning out the knee joint, the ragged 
edge of the tendon was trimmed, and it was then found 
that by simple suture only part of the lateral expansions 
could be brought together. The central portion of the 
tendon could not be sutured to the patella, as there was 
nothing to suture it to. Consequently, several strips of 
fascia lata were obtained from the opposite thigh and 
used as sutures. Several drill holes were made along 
the upper margin of the patella and the fascial strips 
passed through them and then through the tendon in the 
. form of mattress sutures. This procedure brought the 

Fig. 1 tendon firmly down to the bone and then the lateral 

Diagram of rupture of the tears were also brought together by mattress fascial 
quadriceps extensor tendon. sutures. Thus the rent was closed well, and the skin 
A. Patella. B. Complete 


rupture of the tendon just 
above the bone. sutures. A sterile dressing and a posterior molded 
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and subcutaneous tissues were closed with interrupted 
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splint were applied. The patient was allowed up on the fourteenth day and the splint 
was removed. The wound had healed by primary union, and the man was immediately 
able to flex the knee about twenty-five degrees. He had full function of the knee at the end 


of five months, 
and this condi- B S A 
tion not 
changed at the 
end of a year. 
It was in- 
teresting to note 
that a culture 
from the blood 
clots removed 
from the knee 
joint at the time 
of the operation 
grew bacterium 
coli communis. 


This was diffi- 2 
cult to explain 

f P : Diagram of lateral view of the knee joint showing fascial suture, 
or, as far wcstlenal S, passing obliquely through drill hole in the upper surface of the 
could determine, patella, A, and completely through the quadriceps tendon, B. 
break in the operative technique, the culture 


there was no 
was taken under aseptic precautions, and, as 
previously stated, the wound healed by 


primary union. 


Speculating on this type of 
injury, the writer believes that possi- 
bly cases of ruptured tendon are often 
overlooked. Undoubtedly some of 
the unstable knees that are seen 
months after an accident may be the 
result of incomplete tear of the 
tendon. 

A case that came under the 
author’s observation some years ago 
brought out this point. The patient 
was a woman, about fifty years of age, 
who had had an injury to her knee 
about a year previously. Following Fic. 3 
that accident, the slightest twist of Five weeks after operation. Show- 
her knee would absolutely disable her in nearly complete extension and 

function of the quadriceps tendon. 
for a week. Finally an operation 
was done, and the only pathology found was a small lateral tear medial to 
the patella. This was sutured and the patient regained the full use of her 
knee and has not had any trouble since. 

It should not be forgotten, however, that in these cases early 
motion, both active and passive, is essential in order to reestablish complete 


mobility of the knee. 
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SUMMARY 


Complete rupture of the quadriceps extensor tendon is an uncommon 
injury. When it occurs, there is total loss of extension at the knee joint. 

Apparently this injury occurs only in people well along in adult life. 

In cases where the rupture of the tendon has been complete and flush 
to the patella, strips of fascia lata may be used to close the tear. These 
strips are passed through drill holes in the upper part of the bone and 
then through the tendon in the form of mattress sutures. 
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FRACTURE OF THE HAMATE BONE* 
BY HENRY MILCH, M.D., F.A.C.S., NEW YORK, N. Y. 


Fracture of the carpal hamate bone is an extremely unusual injury. 
Stimson barely mentions the fact that Ebermayer observed such a case. 
The x-ray established the diagnosis of an oblique fracture of the body of 
the unciform. After forty days’ immobilization, the patient was able to 
return to hiswork. No statement as to the character of the healing in the 
bone is vouchsafed. Deimel reported a case of avulsion of the hamular 
process. The roentgenogram is reproduced, but no mention of the ul- 
timate outcome of the case is noted. Matti recorded three cases observed 
by: (a) Vulpius, (b) Steinmann, (c) Eigenbrodt. Two cases were re- 
ported by Essau. In one, the line of fracture was longitudinal along the 
ulnar aspect of the hamate bone. In the other, the fracture line was 
oblique and was directed from above and internally to below and ex- 
ternally. Alban Nast-Kolb cited a case in which there was an oblique 
fracture of the body. After four weeks of treatment, it is alleged, the pa- 
tient was discharged without symptoms, though here again no roentgeno- 
graphic evidence is presented on the matter of healing of the fracture. 
Albers-Schénberg’s patient suffered an oblique fracture of the ulnar por- 
tion of the body of the hamate bone. Speed reported a case of an oblique 
fracture of the body. Destot reported a case of his own without roent- 
genographic evidence and mentioned that Mouchet and Leriche had also 
seen this type of fracture. 

The case herewith reported is of interest not only because of the rarity 
of lesion, but also because it can be seen that, in spite of what we believe to 
have been adequate treatment, bony union of the fractured fragments has 
not occurred. 

W.S., white, male, aged twenty-nine, was seen on March 30, 1933, frve days after an 
injury inflicted by the “kicking-back”’ of the handle while cranking an automobile truck. 
Immediately after the injury the patient complained of severe pain and inability to move 
his wrist. Roentgenograms taken at Bellevue Hospital disclosed the nature of the injury 
and the patient’s wrist was immobilized on a plaster-of-Paris splint. In spite of this, the 
patient continued to complain of severe pain. 

Examination disclosed moderate swelling of the fingers, with marked limitation of 
motion of the fingers. There was slight swelling over the dorsum of the wrist, with mod- 
erate ecchymosis. There was diffuse pain over the whole dorsum of the hand, with 
exquisitely localized tenderness on pressure over the carpal unciform. Pressure along the 
longitudinal axis of the fourth and fifth fingers caused accentuation of the pain in the 
region of the hamate bone. The roentgenogram (Fig. 1) showed a fracture of the ulnar 
styloid process with a fracture of the carpal unciform. The fracture line ran from above 
and internally to below and externally. The distal fragment was displaced internally and 
slightly dorsally. Under the fluoroscope, it was noted that the position of the greatest 
apposition of the fragments was that of dorsal extension, with marked ulnar deviation of 
the wrist. 

*From the Orthopaedic Service of Dr. H. Finkelstein at the Hospital for Joint 
Diseases. 
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A plaster-of-Paris bandage 
was accordingly applied from the 
heads of the metacarpals to 
below the elbow joint, with the 
wrist in the position of choice. 
At the end of about eight weeks 
the plaster-of-Paris cast was 
bivalved and physiotherapy, 
with gradual active motion, was 
begun. The roentgenogram 
(Fig. 2) taken on July 18, 1933, 
showed “oblique fracture 
through the carpal unciform, 
with fair position, marginal 
sclerosis, and fibrous union of the 
fragments. Moderate bone 
atrophy, due to disuse.”’ 

Since removal of the cast 
and the institution of physio- 
| therapy, the patient has noted 

gradual improvement. The fin- 
gers move freely; the pain on 
| pressure over the site of the frac- 
| ture is disappearing, and the 
| power of the wrist is returning. 
| Slight crepitus on motion ean still 
| be elicited. But for the damag- 
ing evidence offered by the latest 
| roentgenogram, it might be possi- 
| ble to coneur with the other 
Fic. 1 ; writers on this subject in the opin- 
: ion that healing was proceeding 

Roentgenogram showing recent fracture of the normally, and assume that bony 


hamate. Fracture line from above and internally to 7 
below and externally. union had occurred. 


From the cases thus far noted in the literature, it appears that the 
hamate is subject to two types of fractures,—that involving the body of the 
bone and that involving the hamular process. Except for the roentgeno- 
gram, these two types cannot be distinguished from one another. The 
fracture of the body of the bone may occur through the ulnar portion of 
the bone medial to the hamular process, as in the cases described by Esau 
and Albers-Schénberg. More frequently, however, the line of fracture 
passes lateral to the hamular process. It is always oblique in direction 
and runs from above and medially to below and laterally. The force 
resulting in the fracture may be directly applied, as in the majority of 
cases, or it may be indirect in application, as in the cases noted by Vulpius 
and Albers-Schénberg. Because of the strength of the intercarpal liga- 
ments, displacement of the fragments is usually not extensive. Slight dis- 
placements occur, as in the case here reported. Moderate dorsal displace- 
ment of the fragment was noted in the case described by Vulpius, and 
extreme displacement is not unthinkable, since complete dislocation of the 


hamate bone has been described. 
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The clinical pic- 
ture, though sugges- 
tive, is not unequiv- 
ocal. After an 
injury to the carpus, 
the patient complains 
of severe pain and 
disability in the 
wrist, with loss of 
power in the hand. 
There is usually mod- 
erate swelling and 
ecchymosis located 
mainly over the dor- 
sal and ulnar side of 
the wrist. Tender- 
ness is localized quite 
accurately over the 
distal carpal row, at a 
spot between the ex- 
tensor proprius min- 
imi digiti and the slip 
of the extensor com- 
munis digitorum to 
the fifth finger, as 
Kbermayer has 
pointed out. The 
pain in the wrist is 


Fic. 2 
axial appli ‘ation of — of-Paris bandage. Note the sclerosis of the two fragments 
pressure along the — line of fracture, indicating absence of bony union 
of the fracture 

fourth and fifth fin- 

gers. The signs are analogous to similar signs described for the diagnosis 
of fractures of the carpal scaphoid. Crepitus and false point of motion 
are never elicited and indeed are not to be expected. Occasionally, in 
fractures of the hamular process, the fractured fragment may be displaced 
so as to press against the flexor tendons to the fourth and fifth fingers. In 
such cases, of course, there will be the additional symptom of interference 
with the flexion of the respective fingers. 

The healing of this type of fracture seems still to be a moot question. 
Speed, in discussing this aspect of the problem, states quite categorically 
that “this bone tends to heal readily and union can be expected after six 
weeks’’. It seems that this statement does not rest on any very extensive 
basis in fact, because none of the authors whose case reports constitute the 
sum of our knowledge on this subject has considered the matter, and in 
none of the reports are roentgenograms or other data of the late results of 
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the cases offered as reasonable grounds for the drawing of inference. At 
best, the writers state that, after such or such a period of treatment, the 
patient was able to return to work. If such evidence were acceptable in 
the case which has here been presented, the conclusion which might nat- 
urally be drawn would be at complete variance with the state of affairs as 
demonstrated by late roentgenograms. Considering the firm interunion 
of the carpal elements, it is conceivable that fibrous union or even non- 
union of the two small fragments might occur with but little clinical 
disability or symptomatology. 

As in many other conditions, the court of last appeal must be the 
roentgenogram. However, a single negative x-ray should not be accepted 
as proof positive of the absence of fracture. Where the clinical signs in- 
dicate the probability of a fracture, perseverance in exposing the injured 
part at different angles may be rewarded by the demonstration of a defi- 
nite line of fracture, which would otherwise have been missed. 

The treatment is conservative. Immobilization, either on a plaster 
splint or in a plaster cast has, in most cases, led to satisfactory results, with 
the return of the patient to his normal occupation. In cases where the 
displaced hamular process has caused interference with the function of the 
flexor tendons, its removal has been advised. Should union not occur in 
fracture of the body, the question as to further treatment would naturally 
be presented. Where symptoms and signs of disability are not found, the 
question of further surgical intervention should not be considered. And 
even in the event that such symptoms should be present, it is, in our opin- 
ion, very problematic whether any operative measures are justifiable. 
From a functional point of view, the results of excision of any of the carpal 
bones has left very much to be desired. 
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A CASE OF TUBERCULOUS INFECTION OF THE KNEE WITH 
CLINICAL AND ROENTGENOGRAPHIC APPEARANCE 
OF CHARCOT’S DISEASE 


BY DR. KNUT BENNET AND DR. HARRY HINRICSON, APELVIKEN, SWEDEN 


From Apelviken Coast Sanatorium, Robert Hanson, M.D., Physician-in-Chief 


In reference to the cases of tabetic knee infection published in an 
article by Mather Cleveland and Alan DeForest Smith, entitled ‘“ Fusion 
of the Knee Joint in Cases of Charcot’s Disease’’ (The Journal of Bone 
and Joint Surgery, XIII, 849, Oct. 1931), we desire to record a case of 
tuberculosis of the knee in which the roentgenographic findings, as well as 
the clinical symptoms to some extent, were such that the diagnosis of 
Charcot’s disease could not be eliminated. 


Kia. | 


Case No. 936/1931, a male, aged forty, formerly a saw-mill worker by occupation, 
entered the Apelviken Coast Sanatorium in September 1931. He presented a fairly well 
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Fig. 3 


Fig. 2 
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marked gibbus of the mid- : 
dle of the thoracic region, 
as well as some affection of 
the left knee, and two | = 
fistulae near the upper 
part of the sternum. A = 
brother had had a tuber- | ! 
culous spondylitis; other- 
wise the family history | : 
was negative. At the age 
of eighteen, the patient 
had had erythema nodo-_ | 

sum. He completed his 
conscription of military y 


service as “perfectly fit’’, 

but is said to have com- 4 

plained at times of fatigue bs 

in the back. Later he a d 
noticed “a small hump on | 


the back”, which sub- 
sequently enlarged. 

Ten years ago the left 
knee began to swell and 
became painful, particu- 
larly at night. At that | 
time the patient changed 
his occupation, and the | 
pain disappeared, al- | 
though the limp remained. 

The back symptoms be- 

came progressively worse, 

and since the age of thirty 

the patient has been un- 

able to do any form of © —— 
work. In 1924 he was Fic. 4 

treated for three months 

in Are Sanatorium for tuberculous spondylitis and left tuberculous gonitis. Roentgeno- 
grams at that time showed: a somewhat diminished calcification in the left knee, normal 
joint space, and an uneven defect in the lateral corner of the left condyle. The joint 
surfaces were somewhat roughened, and the breadth of the intercondylar fossa was much 
increased. In 1925 he applied to the Orthopaedic Hospital in Stockholm, and was given 
a corset and a jointed knee-cap. The roentgenographic appearance of the left knee at 
that time was practically the same as in 1924. 

On admission to the Apelviken Coast Sanatorium, in September 1931, the patient 
showed evidence of an involvement of the left knee joint, in addition to the tuberculous 
condition of the thoracic region and tuberculous sternum with fistulae. The knee showed 
enlargement and a spindle-shaped form, with a diffusely thickened capsule, but without 
effusion. The joint was in twenty degrees of flexion, with marked subluxation backward 
and laterally, and allowed only a small degree of rocking movement in all directions. 
There was no tenderness on palpation, movement, or walking, and no sinuses or scars of 
sinuses. Examination of internal organs and nervous system was negative, except that 
the patient showed some mental disturbance suggesting the simple form of dementia 
praecox. Lumbar puncture yielded fluid of normal appearance, with no increase in cells 
and with negative protein reaction. Wassermann reaction in cerebrospinal fluid and 
blood was negative. Roentgenograms of the left knee joint showed extensive destruc- 
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tion, with sharply sclerotic borders in the tibia as well as the femur, and several sequestral 
shadows of striking density, the size of an almond shell (Figs. 1 and 2). 

In view of the fact that the roentgenographiec findings, together with the total 
absence of pain, were in favor of Charcot’s arthropathy, and in spite of the simultaneous 
presence of tuberculous infections in other parts of the body, antiluetic treatment was 
initiated. With a view to improving the prospects of cure with ankylosis, the knee was 
resected by Dr. R. Hanson. It was then found that the area of destruction disclosed by 
the roentgenogram was filled with masses containing a number of markedly sclerotic 
sequestra. In the tibia and femur the destroyed areas were limited by decidedly sclerotic 
bone. At the back of the femur there was an abscess containing caseous masses and pus- 
like material. Patho-anatomical examination revealed chronic inflammation of no 
specific character. Guinea-pig tests were carried out and reported positive (tubercle 
bacilli found), the diagnosis thus being clearly established. 

Since the operation the knee has healed in a normal manner, and with firm ankylosis 


(Figs. 3 and 4). 
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EARLY TUBERCULOSIS IN THE HIP JOINT OF AN ADULT 
A Case REporRT 


BY S. K. LIVINGSTON, M.D., F.A.C.S., HINES, ILLINOIS 


The early recognition of tuberculosis of the hip is uncommon in adult 
life. For this reason, it is desired to report the following case: 


I. G., aged forty-four, was a mechanic by occupation. Advanced active pulmonary 
tuberculosis, for which condition the patient was hospitalized, had been present for the 
past three years. He complained of moderate pain and stiffness in the left hip of ten 
months’ duration, which radiated to the left knee and was aggravated by standing and 
active and passive motion. There was no pain at night and no evidence of muscle 
spasm. 

Examination: The patient stood with a marked increase of the lumbar lordosis. 
The thigh musculature showed a slight measured atrophy, which on palpation revealed 
no evidence of induration. There was a flexion deformity of approximately thirty 
degrees in the left hip with slight adduction and internal rotation and some limitation 
of motion in all directions, more marked in extreme flexion. 


WO 


Fic. | 
Roentgenogram April 11, 1932. Early tuberculosis of the hip joint. No 
evidence of bone destruction. There is some narrowing of the joint space, 
with thinning of the articular cartilage over the head of the femur and upper 
border of the acetabulum. The two areas of abnormal density seen at three 
and nine o’clock are probably calcified glands. 
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X-Ray Findings: The early roentgenogram (Fig. 1) ‘‘shows no evidence of bone 
destruction. There is, however, some narrowing of the joint space and some thinning 
of the articular cartilage over the head of the femur and also on the upper border of the 


acetabulum. The differential diagnosis at this time lies between infectious osteo- 


arthritis and tuberculosis. ”’ 

Treatment: The patient was put to bed with traction for a period of three months, 
during which time the left hip was x-rayed at intervals. 

Progress: The progression of the disease may be studied from the successive roent- 
genograms. In comparing Figure 1 with Figure 5, it will be noted that in Figure | there 
are two smal] areas of abnormal density within the pelvic wall in the region of three and 
nine o'clock, probably calcified nodes. Figure 2 shows no marked alteration in the 
appearance, with the exception of a slight extension or the beginning of erosion in the 
region of the ligamentum teres and the upper border of the acetabulum. Figure 3 
reveals evidence of an inflammatory process, involving the left hip, characterized by 
loss of lime salts in the region of the articular surfaces, head of the femur, and the ace- 
tabulum. This was not definitely exhibited on the previous examination. Figure 4 
shows considerable erosion of the head of the left femur and of the contiguous portion 
of the acetabulum. There is fusion of the femur to the ilium in this region so that the 
joint space is practically obliterated. Comparison with Figure 3 reveals a rapid progress 
of the pathological process in the hip. The joint space, which was narrowed in Figure 3, 
The articular margins of the femur and ilium show in Figure 3 


now is obliterated. 
Figure 5 shows considerable 


only a slight degree of erosion as compared with Figure 4. 
erosion of the head of the femur as well as of the upper half of the acetabulum. The 


appearance is that of tuberculosis of the left hip joint. 
Laboratory Findings: 

Wassermann and Kahn tests negative. 

Red blood corpuscles 5,100,000. 

Hemoglobin 90 per cent. 

White blood corpuscles 13,700. 

Differential blood count: 
Polymorphonuclears 84 per cent. 
Small mononuclears 14 per cent. 


Eosinophiles 2 per cent. 
Sputum was positive on six examinations. Temperature range was from 97 to 


100 degrees and pulse range from 60 to 100. 


DISCUSSION 


This case presents certain features in the early diagnosis of tubercu- 
losis in the hip joint of an adult. Of importance are the insidious onset, 
moderate pain referred to the knee, which is aggravated by active or 
passive motion, early flexion deformity with adduction and inward 
rotation, increased pain and atrophy of the thigh as bone necrosis ad- 
vances. 

The primary focus, as usual in adults, is in the head of the femur 
(Figs. 1 and 2). Evolution of the pathological process is followed by 
roentgenograms (Figs. 1 to 5). Involvement is first seen as an ill-defined 
area of necrosis which gradually undermines the overlying cartilage until 
the joint space is invaded, when there results a gradual erosion of the 
articular cartilage and adjacent bone. Later in the disease, the contigu- 
ous portion of the acetabulum is eroded (Fig. 4). 
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TILTED HEELS—OR TILTED SHOES 
BY EDWARD N. REED, M.D., SANTA MONICA, CALIFORNIA 


Placing the wedge, when shoes are to be tilted, next to the lowermost 
lift of the heel is the common practice of nearly all cobblers who make shoe 
corrections. ‘‘Tilted heels”’’ is a stock phrase; yet it is the shoe which 
needs to be tilted, and there are serious objections to tilting the heel, espe- 
cially if it is a heel of any considerable height, as in a woman’s shoe. 

The accompanying drawings will show the mechanical disadvantage 
of placing the wedge under the heel; and the more stable mechanics of 
placing the wedge above the heel, between it and the upper of the shoe. 

When the wedge is placed beneath the heel, thereby tilting the entire 
heel, the weight line falls toward or through the outer edge of the heel. 


Fic. 1 


Almost all the wear occurs in the outer half of the heel, with the result 
that the amount of tilting constantly increases each day the shoe is worn. 
When the tilt increases beyond a certain point, the wearer’s heel slides over 
against the side of the counter and part of the weight is supported by the 
counter, thereby rapidly ruining the shape and fit of the shoe. The 
amount of tilt prescribed for a foot should be an optimal one and should 
remain constant and not continually vary. 

It is perfectly feasible, though a little more trouble for the cobbler, 
to place the wedge between the heel and the posterior end of the sole, 
directly below the rand. The heel is then maintained vertical to the 
ground, in structurally stable relation, and not subject to strain like a 
“leaning tower’’. It will be seen from the drawing that by placing the 
wedge above the heel, between it and the upper, the whole heel rotates 
around an axis passing longitudinally through its outer and upper edge, 
the bottom of the heel being thereby displaced outward with relation to 
the upper, and as compared with the heel wedged in its lowermost por- 
tion. The weight-bearing line then falls farther toward the center of the 
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heel, giving a larger and much more stable weight-bearing surface. The 
wear then tends to take place more evenly, and the shoe maintains its 
shape and its hold on the wearer's heel for a longer time. 

It is perfectly feasible to place the wedge above the posterior end of 
the sole, between sole and upper, and with advantages which are enumer- 
ated in the succeeding paragraph. To accomplish this, the upper is pried 
away from the sole on the inner edge, over the breast of the heel. Two or 
three of the nails holding the heel to the sole are cut through. The point 
of a knife is then inserted between the welt and sole and the stitching cut, 
forward to about the middle of the shank. The wedge is prepared to 
extend from mid-shank to back of heel, its thickest point being over the 
inner front corner of the heel, and skived down to a feather edge anteriorly, 
posteriorly, and laterally, but of full thickness mesially. The wedge is 
then inserted and the upper nailed, with several nails introduced under 
the inner sole, and the stitching between sole and welt restored. 

To secure the best results, the insole should be dampened with water or 
alcohol over the area to be raised. It will then mold itself to the contour 
of the wedge. 

The advantages of this sort of wedging are: that a support has been 
carried up, not only under the heel, but under part of the instep; the shank 
has been stiffened; the taper from the heel wedge forward is made very 
gradual; and an ideal brace is provided for an “‘orange-peel pad’”’, if such 


is desired. 
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TWO CASES OF POSTOPERATIVE SECONDARY 
TUBERCULOUS DISEASE OF THE SPINE 


BY W. E. BROGDEN, M.D., NEW YORK, N. Y. 
House Surgeon, First Orthopaedic Division, 
Hospital for the Ruptured and Crippled, New York 


The important data from the case histories are as follows: 


Case 1. J. H., male, aged fourteen, was admitted to the Hospital January 13, 
1933. The chief complaint was pain in the middle of the back and right ribs of four 


months’ duration. 
Past history: ordinary childhood diseases. 


History of familial disease was negative. 
Physical examination revealed a well developed male of fourteen years with slight 
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curvature of the spine and tenderness on pressure over the lower dorsal vertebrae. 
Head, nose, ears, neck, and throat were negative. The chest was clinically physiological. 
Abdomen and extremities were negative. Laboratory findings were negative; tempera- 
ture was normal. 

Roentgenographic examination showed destruction of the upper left portion of 
the body of the tenth dorsal vertebra with loss of most of the dise immediately above 
(Fig. 1). There was also some destruction of the eleventh dorsal vertebra. Abscess 
shadows were present. There was a slight sinistrodorsal and dextrolumbar lateral 
curvature. 

Diagnosis was Pott’s disease of the tenth and eleventh dorsal vertebrae. 

The patient was placed on a 
160-degree convex frame until Jan- 
uary 23 when a spine fusion, utiliz- 
ing the Hibbs procedure augmented 
by an Albee tibial bone graft, was 
performed. 

The patient made an unevent- 
ful recovery and was placed on the 
convex frame again on February 7. 
On March 9 a plaster-of-Paris 
jacket was applied, and on March 
12 the patient was discharged, to 
remain under periodic observation. 

Approximately one month later, 
April 7, the boy returned, com- 
plaining of pain in the lower left 
ribs, the opposite side from where 
he had had pain previously. The 
plaster was bivalved and the spine 
x-rayed. The examination of the 
films revealed a thinning of the 
dises between the sixth and seventh 
dorsal vertebrae (Fig. 2), with 
a small area of destruction in the 
upper right portion of the seventh 
dorsal body; this lesion was in addi- 
tion to the primary focus for which 
the spine fusion had been done. 
On April 10 the previous operative 
procedure was repeated at the 
second site. On May 25 x-ray 
showed tibial grafts in place and 
no further progress of the destruc- 
tive process. 


2 Case 2. H. D., female, twenty- 
seven years of age, single, was 
admitted to the Hospital on August 26, 1931. 

Chief complaint was pain and deformity of the back of two years’ duration. Pa- 
tient had had an abscess of the neck which was incised three years previously; the sinus 
had drained for one year. She had been treated for “neuritis of the spine” by her 
physician and, when this had failed, had placed herself in the hands of an osteopath who 
had treated her for curvature of the spine. When this had failed, she had consulted an 
orthopaedic surgeon and had been referred to the Hospital. 

Family history: negative for tuberculosis. 
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Physical examination revealed a well developed female with an angulation deformity 
in the region of the first and second lumbar vertebrae. Ears, nose, and throat were 
negative. The neck revealed scars of old sinuses and a few enlarged cervical glands. 
The abdomen and extremities were negative. Laboratory findings were negative. 

Roentgenographic examination (Fig. 3) revealed destructive process of the first 
and second lumbar vertebrae and an absence of the dises. Chest film showed a healed 
tuberculosis. 

Diagnosis: Pott’s disease of first and second lumbar vertebrae. 

Spine fusion was performed, using Hibbs’s method with tibial graft. Patient’s 
convalescence was uneventful and she was discharged in plaster-of-Paris jacket. Later 
she wore a Knight spinal brace. 

In March 1933 she entered the Hospital again, complaining of severe pain in the 
back in the area of fusion. Physical examination was essentially the same as two 
yeurs previously. 

Roentgenograms showed the original lesion with graft in place and also a new focus 
in the bodies of the tenth and eleventh dorsal vertebrae (Fig. 4). Spine fusion was 
again advised but was refused by the patient. 
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CHARLES FRANKLIN EIKENBARY 

Dr. Charles Franklin Eikenbary died on December 31, 1933, in Seattle, Washington, 
in his fifty-seventh vear. 

Dr. Eikenbary attended Miami University in 1897 and 1898; he received his first 
two years of medical education at the University of Southern California, Los Angeles, 
and his medical degree at Rush Medical College, Chicago, in 1903. That he took an 
early interest in orthopaedic surgery was evidenced by the fact that after graduating 
from Rush Medical College he served as an interne in the Hospital for the Ruptured and 
Crippled, New York City, where he received his first practical training in orthopaedic 
surgery. He then located in Chicago, and was associated with Dr. John Ridlon, with 
whom he worked in the further completion of his orthopaedic training. 
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478 Cc. F. EIKENBARY 


In 1904 he married Edna Florence Fisher, of Eaton, Ohio, who survives him. In 
1907 he located in Spokane, Washington, and confined his work to orthopaedic surgery. 
He was a pioneer in this section of the country, and was a distinet factor in the develop- 
ment of this specialty in that portion of the Northwest. 

In May, 1917, he entered the World War, first serving with a unit in England and 
later being transferred to France for duty with the American Expeditionary Forces. 
While in France he was attached first to the Second, and later to the Eighty-Ninth 
Division, and served at Chateau Thierry, Belleau Wood, Verdun, and the St. Mihiel 
Drive. On his return to this country after the Aymisfice he remained in service at a 
considerable sacrifice to himself, and for several months spent his time in the Letterman 
Hospital, San Francisco, among the wounded who had been returned home. 

Following his discharge from the United States Army, Dr. Eikenbary returned to 
Spokane, Washington, in 1919, and resumed the active practice of orthopaedic surgery. 
He was appointed Chief Surgeon of the Mobile Unit of the Shriners’ Hospital for Crippled 
Children, and at that time took a definite interest in education, as shown by his distinctive 
service for several years on the Spokane school board. 

In 1926 he was made Chief Surgeon of the Children’s Orthopaedic Hospital in 
Seattle, and in this institution he accomplished some of his most outstanding work. 
He remained in Seattle and was actively engaged both in his private practice and hospital 
work until his death. 

Dr. Eikenbary was a member of many medical organizations, including the American 
Orthopaedic Association, and he was Chairman of the Membership Committee of this 
Association during the current year. He was also a member of the International Society 
of Orthopaedic Surgery. His urge to place orthopaedic surgery on a sound basis was 
evidenced by his many publications along orthopaedic lines and his interest in the 
national societies. He always took an active interest in the American Orthopaedic 
Association, as shown by his attendance at its meetings and the active part which he 
took in the proceedings, both in presenting and discussing papers. 

The success of Dr. Eikenbary as an orthopaedic surgeon was undoubtedly due 
largely to his capacity for organizing his work in such a way as to be able to take care 
of a large volume and still give each patient the necessary attention. His conservatism 
and discreet judgment were safeguards that rendered his services a security to his 
patients and inspired their confidence. He was particularly devoted to little children 
and it was a pleasure to see the affection of these children during his visits in the hos- 
pital wards or in the out-patient clinics. 

His untimely death is a cause of deep regret, coming at the time when he had 
reached the peak of his professional career and was still capable of doing so large an 
amount of work. He commanded the respect and affection of all his fellow-workers. 
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News Notes 


The Forty-Eighth Ange vag ine of the American Orthopaedic Associa- 
tion will be held in Rochestef, &=*.,,"%une 6 to 9, under the presidency of Dr. Melvin 8. 


Henderson. Mr. W. Rowley Bristow, of London, will be the guest of the Association at 
this meeting. A full and interesting program is offered and ample opportunity will be 
given for recreation. The facilities at this medical center will afford a special oppor- 
tunity for a successful meeting. 

The following program has been arranged: 


WEDNESDAY, JUNE 6 


Morning Session—St. Mary’s Hospital Auditorium 
9 :30—Clinical presentations and case reports by members of the orthopaedic staff of 


The Mayo Clinic. 


Afiernoon 
2:00—Golf tournament at the Rochester Country Club. 


Evening 
7 :00—President’s dinner (informal) at the Rochester Country Club. 


TuurRsbDAY, JUNE 7 
Morning Session—Plummer Hall 
9:00—The Open Treatment of Congenital Dislocation of the Hip. 
Selection of Cases for Operation. Dr. Albert H. Freiberg 
Operative Technique: 
Treatment Based on Physiology of Congenital 
Dislocation of the Hip. 
The Operative Technique with Some of Its 
Complications. 


Dr. Steele F. Stewart 


Dr. Wallace H. Cole 
ms Dr. Frederick C. Kidner 
Late Dr. Benjamin P. Farrell 


Executive Session 
12:00 Noon. 


Afternoon Session 


1:45—The Open Treatment of Congenital Dislocation of the Hip (Continued). 
Dr. Frank D. Dickson 


— 
Plastic Operations. Dr. A. Bruce Gill 

A Shelving Operation by Means of Peg Graft 
from Tibia. 

Some Observations on Results of Shelf Opera- 
tions in Congenital Dislocation of the Hip, 
Covering a Period of Thirteen Years. 
Report of Twenty-Four Cases. 

Bifureating. 

Neck or Shaft Plastic. 

Schanz Osteotomy in Irreducible Congeni- 
tal Dislocation of the Hip. 


Dr. Dallas B. Phemister 


Dr. Frank R. Ober 
Dr. Rudolph 8. Reich 


Dr. Frederick J. Gaenslen 
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Evenin 
g 
Progressive dinner for members and invited guests at homes of Dr. Henry W. Meyer- 
ding, Dr. Ralph K. Ghormley, and Dr. Melvin 8. Henderson. 


Fripay, JUNE 8 


Morning Session—Plummer Hall 


9:00-——Treatment of Fractures of the Os Calcis. Dr. Harold R. Conn 
President’s Address. Dr. Melvin S. Henderson 
Traumatic Dislocation of the Tendon of the Long 
Head of the Biceps Brachii. Dr. LeRoy C. Abbott 
Internal Derangements of the Knee. Mr. W. Rowley Bristow 
The Treatment of Acute Purulent Arthritis by 
Joint Washing. Dr. Hugh T. Jones 
Some Observations on Epiphyseal Displacements 
at the Upper End of the Femur. Dr. James W. Sever 


Treatment and End Results of Adolescent Epi- 
physeolysis of the Upper End of the Femur. — Dr. Philip D. Wilson 


Afternoon Session 


1:45—The Treatment of Calvé-Legg-Perthes Disease. Dr. Murray 8. Danforth 
Tendon Fixation in Infantile Paralysis—Late 
Results. Dr. William E. Gallie 
Traumatic Separation of the Medial Epicondyle 
of the Humerus in Adolescence. Dr. John Dunlop 
Analysis of Living Cases of Bone Sarcoma After 
Five-Year Period. Dr. Willis C. Campbell 
X-Ray Studies of the Diaphragm in Children. 
Correlation with Body Mechanics. Dr. Lloyd T. Brown 
3:45— Visit to the Institute of Experimental Medicine. 
Evening 
ri 7:00—Annual Dinner (formal) at the Hotel Kahler. 
4 SATURDAY, JUNE 9 
a Morning Session—Plummer Hall 
8:45 to 11:55—The morning will be occupied by the presentation of a large number of 
short communications. 
Executive Session 
12:00—Noon. 
ay The Seattle Orthopaedic and Fracture Clinic, established by Dr. Charles F. Eiken- 
bary and Dr. John F. Le Coeq in 1929, will be continued at 1011 Summit Avenue, Seattle, 
through the association of Dr. John F. Le Coeq and Dr. Edward Le Coeq. 
Dr. Wallace H. Cole and Dr. George A. Williamson have opened their new office at 
1360 Lowry Medical Arts Building, St. Paul, Minnesota. 
Dr. F. Walter Carruthers has moved his office to Suite 446, Donaghey Building, 
Little Rock, Arkansas. , 


Dr. DeForest P. Willard has announced the association with him in the practice of 
m bone and joint surgery of Dr. Jesse T. Nicholson. Their office is at 1726 Spruce Street, 
Philadelphia. 
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The Lady Jones Research Fellowship for 1933-1934 has been awarded to Dr. W. 8S. 
Creer, Liverpool, who is conducting an investigation into the end results of tuberculous 
disease of the hip joint treated conservatively and by operation. 


The degree of Master of Orthopaedic Surgery, Liverpool, has been awarded to the 
following: 
Dr. Robert William Agnew, Glasgow. 
Dr. J. Hamilton Bell, Belfast. 
Dr. Joseph Edelstein, Johannesburg. 
Dr. Harold Algar Sweetapple, Sydney. 


The Liverpool University Gold Medal in Orthopaedic Surgery, which is only 
awarded in cases of particular merit and which has only been granted twice previously, 
has been awarded to Dr. J. Edelstein. 


The Annual Meeting of the Milwaukee Orthopaedic Club was held in February 
at the home of Dr. C. C. Schneider in Milwaukee. After a round-table discussion of cur- 
rent topics, the following officers were elected for the coming vear: 

President: L. D. Smith, M.D. 
Secretary and Treasurer: C. C. Schneider, M.D. 


The Chicago Orthopaedic Club, at its Annual Meeting, held on January 19, 
elected the following officers for the ensuing vear: 
President: Daniel H. Levinthal, M.D. 
Vice-President: F. Seidler, M.D. 
Secretary and Treasurer: E. L. Compere, M.D. 


The Czechoslovakian Orthopaedic Society will hold its Annual Meeting in 
Prague on June 23 and 24, under the presidency of Prof. Jan Zahradni¢ek. The prin- 
cipal subjects will be ‘“‘ Internal Derangements of the Knee”’, by Prof. Bedrich Frejka, 
of Brno, and “Anomalies of the Spine”, by Prof. Jan Zahradnitek, of Prague. The 
meeting of last year was postponed and the members attended the Congress in Poznan, 


Poland. 


At the request of the American Association on Mental Deficiency, the following 
notice is inserted: 

The annual meeting of the American Association on Mental Deficiency will be 
held at the Hotel Waldorf Astoria, New York, May 26 to 29. The Saturday session, 
May 26, will be given over to the sociological, psychological, and the special educa- 
tional aspects of the problem in order that local social workers and school teachers 
may have an opportunity to attend without interfering with their regular duties. 
The Tuesday afternoon session will be a conjoint meeting with the American 
Psychiatrie Association. Data as to the program may be obtained from the Secre- 
tary, Dr. Groves B. Smith, Godfrey, Illinois. 


CORRECTION 
In the January issue of The Journal, page 212, acknowledgment is made by Dr. 
Chambers to Mr. Hans Christoph, a brace maker, whose skill and interest were of value 
to Dr. Chambers in perfecting the device described. Since the publication of this article, 
The Journal has learned that at the time this service was rendered Mr. Christoph was an 
employee of Amsterdam Brothers, and this fact should have been mentioned in the ac- 


knowledgment made. 
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Prof. Herman Albrecht died in Leningrad on December 24, 1933, at the age of fifty- 
four. Prof. Albrecht qualified in the Medical Academy as a surgeon in 1903, became 
Assistant in that Clinic, and, after two years of service in the army during the World War, 
he was appointed Director in the State Prosthesis Institution, which office he held at the 
time of his death. In this Institution, he received his Professorship. As an organizer of 
unusual ability and energy, he rendered great service to the cause of the soldiers crippled 


during the War. 


Prof. R. R. Vreden died in Leningrad, February 7, 1934, at the age of sixty-seven. 

He was graduated from the Medical Military Academy in 1890, and in 1910 was ap- 
pointed Professor of Surgery in the Medical Military Academy. He was one of the pio- 
neers of the Russian school of Orthopaedic Surgery; and he introduced many original 
orthopaedic operations which have been accepted both in the U. 8. 8S. R. and in other 
countries as well. He showed his interest in surgery through his organization of many 
meetings and conferences of different scientific associations; he took an active part in 
these organizations, and also edited surgical periodicals. In his death the U. S. S. R. 
has lost not only a scientist of the first rank, a teacher and surgeon, but a very humane 
and kindly physician with a wide popularity and held in great affection among his many 
patients. 


The January issue of Annals of Surgery was the Fiftieth Anniversary number, com- 
memorating the services of Dr. Lewis Stephen Pilcher, Editor of this successful journal. 

In 1885, taking time from a busy life, Dr. Pilcher originated Annals of Surgery, 
which has been guided continually by him since that date and of which he still is Editor 
and the active head. Dr. Pilcher has established and developed one of the excellent 
journals of surgery in the country and it has always reflected the Editor’s standard of 
quality. It is dignified, sincere, and scientific. As the official organ of the American 
Surgical Association, the New York Surgical Society, and the Philadelphia Academy of 
Surgery, it has exerted a profound influence on American surgery and has been a standard 
for other journals. 

The medical and surgical public are duly appreciative and grateful to Dr. Pilcher for 
the service which he has rendered as Editor of this journal. 


The Committee of The Robert Jones National Memorial, the Earl of Derby, 
K. G., president, announces its plan to found this Memorial which has for its triple aim 
the establishment of: } 

1. A Robert Jones Professorship in the Royal College of Surgeons of England; 

2. A Robert Jones Traveling Fellowship; 

3. A Robert Jones National Trust, with the object of insuring financial aid for 

orthopaedic centers or institutions as most needed. 

This project is of unusual interest for the remarkable services of Robert Jones during 
the War made him an international character, in addition to his already international 
character as an orthopaedic surgeon. It is hoped that the enterprise will meet with the 
success which it merits. 

Contributions should be made to the Honorary Treasurers: The Lord Moynihan, 
K.C.M.G., F.R.C.S., and A. S. Blundell Bankart, Esq., F.R.C.S., Quadrant House, 
55 Pall Mall, London, S. W. 1, England. General communications should be addressed 
to the Appeal Secretary, Charles Steuart, at the same address. 
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The Second Annual Meeting of the American Academy of Orthopaedic Sur- 
geons was held in Chicago, January 7 to 10, under the presidency of Dr. Willis C. Camp- 
bell. A large number of interesting papers were presented and seminars were held, 
conducted by men of wide experience. This plan afforded an excellent method of discus- 
sion and interchange of opinions and ideas. Symposia on several subjects were also 
presented. Mr. Naughton Dunn, of Birmingham, England, was the guest of the Acad- 
emy and presented a paper on “Observations on Some Injuries of the Knee Joint’’. 
The following officers were elected for 1934: 
President: Philip D. Wilson, M.D. 
President-Elect: Frank D. Dickson, M.D. 
Vice-President: Ernest W. Cleary, M.D. 
Treasurer: E. Bishop Mumford, M.D. 
Secretary: Philip Lewin, M.D. 
Executive Committee: W. C. Campbell, M.D. 


E. W. Ryerson, M.D. 
M.S. Henderson, M.D. 
S. Kleinberg, M.D. 
J.C. Wilson, M.D. 
The next meeting will be held in New York, January 14, 15, and 16, 1935. 


The readers of The Journal are all interested in the effort to establish a practical 
Standard Classified Nomenclature of Disease and are willing to give their aid to 
those who are earnestly engaged in this work. To this end, is presented the following 
notice from the representative of the American Orthopaedic Association to the National 
Conference on the Nomenclature of Disease..—Fditor. 

March 12, 1934. 

To the Editor of The Journal of Bone and Joint Surgery: 

The committee dealing with ‘A Standard Classified Nomenclature of Disease”’ 
continues to function and is particularly interested in improving the first edition of 
the nomenclature published in 1933. As a representative of the American Ortho- 
paedie Association to this committee, I should be particularly pleased to receive sug- 
gestions from any one who is interested in exact nomenclature, since it is only through 
the cooperation of numerous individuals that an adequate system can be evolved. 

One of the difficult tasks devolving on the committee is inclusion or exclusion of 
new terms. At present the term “prespondylolisthesis”’ is being given much dis- 
cussion. Although sponsored by two well known orthopaedic surgeons, the commit- 
tee is at present opposed to the inclusion of the term for the following reasons: 

First,—it gives an incorrect conception of the pathology of spondylolisthesis. 
The prefix “pre’’ connotes a preparatory or previous stage, preceding the actual 
slipping, known as spondylolisthesis. Such a stage, however, has never been shown 
to exist. On the contrary, all the evidence thus far presented shows that the essen- 
tial lesion of spondylolisthesis, namely the failure of fusion between pedicles and 
laminae, is of congenital origin, and that trauma does not precipitate a slipping but 
simply a train of symptoms. 

Second,—even were the term to give a correct pathological conception, it is 
teutonically unwieldy and a simpler word should be used. 

Third,—wherever possible, the use of a Greek noun with a Latin prefix as in the 
term ‘‘prespondylolisthesis”’, should be avoided. 

Instead of ‘prespondylolisthesis’”’ the committee suggests that the original 
terminology of Neugebauer be closely adhered to. He used two terms in describing 
a congenital failure of fusion of the laminae and pedicles: ‘spondylolysis”’ to indi- 
cate the condition without slipping, ‘‘spondylolisthesis’’ when slipping was present. 
Ry If the readers of The Journal care to comment on this matter their opinions will 
be given due consideration. 

140 West 79th Street, New York, N. Y. Leo Mayer. 
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BRITISH ORTHOPAEDIC ASSOCIATION 
The Annual General Meeting of this Association was held in Edinburgh on Novem- 
ber 24 and 25, under the presidency of Mr. A. 8S. Blundell Bankart. 


I. BoNngE 

Mr. D. M. Grieg, Edinburgh, speaking on acute osteomyelitis and repair of fracture, 
said that bone was at the mercy of its blood supply and was decalcified by the hyperaemia 
of infection, injury, neoplasm, and disuse. In acute osteomyelitis the liberated calcium 
was redeposited within the periosteum to form the new involucrum. The operation of 
diaphysectomy removed the available caleium and accounted for failure of bone regenera- 
tion; it should never be performed until the new bone was well developed. Similarly in 
fractures, calcium liberated from the broken surfaces was redeposited within the fracture 
hematoma. 

Mr. R. I. Stirling, Edinburgh, said that “fracture serum’ 
times as much calcium as blood serum; the calcium was dissolved out of the bone by the 
acidity of the serum which attained a maximum after five days, and returned to normal 
within twelve days. Experimental work showed that metal interfered with this normal 
acidity; the union of fractures was therefore delayed by plating. Ivory and beef bone did 
not inhibit acidity; the reaction to stainless steel was not yet investigated. Experiments 
also showed that union was delayed by any injection of the fracture hematoma or by 
tearing of its wall; this fact should be considered when treating any fracture by local 
anaesthesia, early deep massage, or operative reduction. 

Mr. R. Watson Jones, Liverpool, said that if it was true that decalcification wes due 
to acidity, the experimental observation that metal inhibited acidity was at variance with 
the clinical fact that metal (other than stainless steel) always decalcified adjacent bone. 
The important practical point was that hyperaemia caused decalcification, and, if in a 
fracture the initial hyperaemia was perpetuated by the repeated trauma of inadequate 
immobilization, by infection, or by the irritation of metal or ivory, there was excessive 
decalcification and delayed union or non-union. The only important cause of non-union 


contained up to thirty 


was inadequate immobilization. 

Mr. C. P. Stewart, Edinburgh, said that calcium balance depended on three factors: 
calcium intake (diet and vitamin-D activity), parathyroid activity (mobilization of cal- 
cium from the bones), and the rate of bone-cell proliferation (local phosphatase activity 
and hydrogen-ion concentration). The three factors were interrelated, but the first was 
of greatest importance in rickets and osteomalacia, the second in osteitis fibrosa, and the 
third in Paget’s disease. 

Prof. John Fraser, Edinburgh, discussing lipoid granulomatosis of bone, said that it 
was due to an error of lipoid metabolism accounting for excess of cholesterol, which was 
deposited in blood vessels and led to granuloma formation. Symptoms were due to local 
pressure effects, and included diabetes insipidus from pituitary involvement, loosening of 
the teeth, and extensive bone decelcification. The bone condition was to be differentiated 
from neoplasm and gumma, and responded well to deep x-ray therapy. 


II. ConGeniraL ABNORMALITIES 

Mr. J. Bruce, Edinburgh, traced the evolution of the foot and said that congenital 
anomalies of the first metatarsal, including shortening, abnormal varus position, and un- 
due mobility, predisposed to strain of the other metatarsals. Compensation of the in- 
creased load caused subperiosteal thickening of the metatarsal shafts (Deutschlinder’s 
disease), resulted in metatarsalgia, spontaneous or ‘‘march” fracture of the metatarsal 
neck, and K6hler’s or Freiberg’s disease of the metatarsal head. The recent calamitous 
report of a case in which march fracture was mistaken for sarcoma, and the leg was 
amputated, emphasized the necessity for recognition of these disorders. 

Mr. Stewart Middleton, Edinburgh, speaking on arthrogryposis multiplex congenita, 
said that in this condition the skeletal muscles were replaced by connective tissue, and the 
resulting muscle shortening caused deformities which were very difficult to correct, but 
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had little tendency to relapse. Investigation of experimental herds of sheep in which 
the disorder was inbred showed that the muscles developed normally but underwent sec- 
ondary degeneration before birth of the lamb. It was therefore an intra-uterine muscular 
myodystrophia foetalis deformans’”’. 


dystrophy, and he suggested for it the name 
Mr. Bryan MeFarland, Liverpool, said that in human cases there were three objec- 
tions to the theory of muscular dystrophy: first, there was no progression after birth; 
secondly, there was rarely any family history; and, thirdly, the condition could oceur in 
one limb, the child being otherwise normal. 
Mr. Middleton, in reply to the President, said that there was no evidence of a pri- 
mary neurological lesion. 


III. Sciatica Low Back Pain 

Mr. W. A. Cochrane, Edinburgh, reporting the results of dissection of the lum- 
bosacral plexus and the lumbar vertebrae, pointed out that a high or prefixed plexus pre- 
disposed to stretching of the nerves. He postulated that the coincidence of such an 
anatomical variation with an extra presacral vertebra, or with sacralization of the fifth 
lumbar transverse process, might explain cases of sciatica. 

Mr. Watson Jones said that anomalies of the lumbar vertebrae were rarely found in 
sciatica, but muscle spasm, lumbar rigidity, and scoliosis were very common. Treatment 
by spinal manipulation failed in at least forty per cent. of cases, but immobilization by a 
head-suspension plaster jacket invariably gave relief. 

The President said that half the cases of sciatic scoliosis could be cured by manipula- 
tion. He had occasionally exposed the interarticular joints by operation, and found the 
nerve roots to be very closely in contact with the joints. 

Mr. Walter Mercer, Edinburgh, described an operation for excision of the fifth 
lumbar transverse process by an anterior extraperitoneal approach. 


IV. FrRactuRES AND DisLocaTiIoNs 

Mr. H. O. Clarke, Manchester, reported eight y-seven recent fractures of the carpal 
scaphoid, treated by immobilization for periods up to nine months. Bony union was se- 
cured in eighty per cent. of cases. Of ten neglected recent fractures (one to three 
months’ duration) treated conservatively, only one united by bone. In such cases he 
advocated refreshening of the fractured surfaces by operation followed by prolonged im- 
mobilization. If the fracture remained ununited, arthritis of the wrist, which could not 
he relieved by any operation, invariably developed. 

Mr. Alan Todd, London, advocated excision of the whole proximal row of carpal 
bones for old ununited fractures with arthritis of the wrist. 

Mr. N. Dott and Mr. Stirling, Edinburgh, advocated manipulative reduction of 
congenital dislocation of the hip, but said that repeated manipulations impaired the end 
result. In cases when the upper lip of the acetabulum was underdeveloped, they made a 
new lip by open operation at an early age instead of waiting for redislocation. 


Mr. J. W. Struthers and Prof. Murray Drennan, Edinburgh, and Mr. W. H. Tretho- 
wan, London, also reported interesting cases. 


The British Orthopaedic Association is planning « particularly attractive pro- 
gram for its Spring Meeting which is to be held in Holland on April 12 to 14, under the 


presidency of Mr. Harry Platt. 

On Thursday, April 12, there will be papers and demonstrations at Leiden; on Fri- 
day, April 13, at The Hague; and on Saturday, April 14, at Amsterdam. Plans are being 
made to take advantage of the exceptional facilities offered in Holland for excursions to 
museums and to the country. By invitation of Dr. Murk Jansen, the dinner will be held 
at ‘ Meerrust’’, Warmond, on Thursday evening. 


Current Literature 


SURGERY OF THE SYMPATHETIC NERVOUS SysTeM. By George E. Gask and J. Paterson 

Ross. London, Bailliére, Tindall, and Cox, 1934. 

The time is ripe for an authoritative and comprehensive survey of the present. state 
of our knowledge in this field of surgery. Gask and Ross have most happily filled this 
gap with the publication of the excellent monograph under review. 

Commencing with a concise but succinct review of the anatomy and physiology of the 
sympathetic nervous system, the authors proceed to discuss the application of sym- 
pathectomy to (1) disorders of the circulation; (2) disorders of the visceral motor mecha- 
nism; and (3) the relief of pain. 

In the section on circulatory disorders, there is an excellent discussion upon the selec- 
tion of cases suitable for operation. The use of Sir Thomas Lewis’ hot-air chamber as a 
means of producing vasodilatation by the release of vasospasm seems excellent and new in 
the clinical field. The various types of operation upon the sympathetic nerve trunk and 
ganglion are adequately discussed and illustrated. The shortcomings of Royle’s opera- 
tion of ramisection are rightly stressed and ganglionectomy is advocated in its place. 

In the section on disorders of the visceral motor mechanism, the discussion of the 
complex part which the sympathetic nerve plays in controlling the movements of the 
gastro-intestinal and the genito-urinary tracts is excellent. Due consideration is given to 
the work of Leriche. Periarterial sympathectomy is reviewed. The results which fol- 
low this operation are sometimes so excellent that the procedure should not be entirely 
abandoned even though the present state of our knowledge does not permit us to under- 
stand how they can oecur. 

The section on the relief of pain considers the value of sympathectomy for certain 
types of dysmenorrhoea, for vesical pain, for renal pain, for angina pectoris, and for 
causalgia. They have strengthened their argument throughout by ilustrative cases 
from their own experience. The literature has been extensively reviewed and every im- 
portant publication of recent years is included. 

Two omissions should be pointed out in the hope that they may be corrected in later 
editions. First, in discussing the technique of the operation for removal of the stellate 
ganglion by the posterior approach, no credit is given to Henry for his painstaking ana- 
tomical studies which made this approach possible. Adson’s procedure is but a slight 
modification of Henry’s operation. Second, no mention is made of White’s modification 
of Henry’s operation, a modification which transforms it into a pure muscle-splitting and 
avascular operation, thereby removing the objections mentioned by Gask and Ross. 
The authors prefer the transabdominal approach for the lumbar sympathetic nerve and 
an anterior approach according to their own technique for the cervical sympathetic nerve. 

All surgeons and physicians interested in the surgery and clinical physiology of the 
sympathetic nervous system will read this monograph with pleasure and profit. 


PuysicaL TREATMENT BY MoOveMENT, MANIPULATION AND Massace. By James B. 
Mennell, M.A., M.D., B.C. (Cantab.). Ed. 3. Philadelphia, P. Blakiston’s Son 
and Co., Ine., 1934. $6.00. 

This handbook is an expansion of the scope of previous editions which stressed mas- 
sage. The author now includes more specifically other methods of physical therapy. 
The first chapter is personal in character and is a plea to chartered (registered) prac- 
titioners of massage and physiotherapy for a high standard in their work. Ten chapters 
are devoted to a generalized discussion of the principles of massage, of passive and active 
movements, and of the relation of these activities to protective rest. The application of 
the principles of movement, manipulation, and massage to specific pathological condi- 
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tions comprises the text of the succeeding twenty-five chapters. These pathological 
conditions include the fields of the general surgeon, the orthopaedic surgeon, the neurol- 
ogist, the gynecologist, and the internist. A final chapter discusses the use and abuse of 
the faradice current. 

In discussing fractures and dislocations, indeed any condition where muscle spasm 
plays a leading part, the author emphasizes the value of gentle stroking to produce relaxa- 
tion of muscles, as opposed to heavy massage. For the treatment of fractures and dis- 
locations, he warns that only experienced masseurs should be employed, pointing out 
that the responsibility for the maintenance of correct bone-setting rests with the surgeon, 
who must be assured that his work will not be disturbed by inexperienced masseurs and 
physiotherapists. The reader feels that the author, in his discussion of fractures and dis- 
locations, knows the subject from the standpoint of the surgeon as well as that of the 
trained technician. 

In the chapter on ‘‘ Reeducation of Muscles’’, there is evident a clear understanding 
of the physiology of muscles and of the mechanism of fatigue. The author states that the 
first law of treatment is “little and often”’. Emphasis is placed upon careful progression 
through passive, assistive, active, and resistive exercises, and upon the importance of 
practising these principles. Then follow details of muscle training as applied to various 
joint controls. 

There is a very full discussion of low-back pain and some interesting diagnostic tests 
are presented, some of which the reviewer believes appear for the first time. 

In the chapter on ‘‘ Massage and Splintage”’, the orthopaedic surgeon will find but 
little that is new in the mechanical devices described, but the discussion of the relation- 
ship between bracing and massage and passive and active movements should be helpful to 
the surgeon and the physiotherapist alike. 

In the final chapter on “Use and Abuse of the Faradic Current’’, the author rightly 
states that its use consists in aiding muscle development and muscle reeducation, and 
that its abuse lies in expecting it to be a cure-all in restoring muscle function. 

In America, a greater distinction is made between the masseur and the physio- 
therapist than is made by this author. All in all, however, this book is a valuable con- 
tribution to the subject dealt with. 


HANDBUCH DER GESAMTEN UNFALLHEILKUNDE. Herausgegeben von Fritz Konig und 
Georg Magnus. III. Band. Stuttgart, Ferdinand Enke, 1933. Lief. 1, 70 marks; 
Lief. 2, 9.80 marks; Lief. 3, 12.60 marks; Lief. 4, 11.20 marks; Lief. 5, 11.70 marks. 
This volume contains 659 pages and 290 illustrations. It is devoted to a discussion 

of industrial injuries of the extremities. The subjects which receive the most attention 
are fractures and dislocations, infections of bones, joints, and soft tissues. A sufficient 
amount of space is given also to consideration of a group of conditions listed as insuffi- 
ciency diseases, circumscribed bone injury, bone atrophy, chronic osteomyelitis, osteo- 
dystrophy, and malignant tumors of bone. In addition, there are chapters on amputa- 
tions, prostheses, and orthopaedic appliances. 

A large part of this volume consists of discussions, of a more or less general nature, of 
the peculiarities of bones and joints, and the anatomical, physiological, and mechanical 
aspects of structures and tissues as they occur normally and in various diseases. In this 
respect, the development of bone changes following fracture and in the process of healing 
receives the most attention. This portion is followed by descriptions of the numerous 
forms of injury as they occur in different parts of the extremities. The main feature is, 
of course, the treatment of the conditions. In this, the authors adhere quite closely to 
methods developed in Germany; in fact, throughout the whole book there are very few 
references to any but German writers. An estimate of the degree of disability is given 
for every type of injury, or class of injuries, according to the location. 

The merit of this book lies, to a large extent, in the inclusion of a wide variety of in- 
dustrial-disease pictures. The material is gathered together and presented to the reader 
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in a clear, simple manner. The extensive experience of the authors fully qualifies them 
for the task they have undertaken. This work may well be recommended to the indus- 
trial surgeon who has a reading knowledge of German. 


Tue Practice oF SurGery. By Russell Howard, C.B.E., M.S. (Lond.), F.R.C.S. 
(Eng.), and Alan Perry, M.S. (Lond.), F.R.C.S. (Eng.). Ed. 4. Baltimore, Wil- 
liam Wood and Co., 1933. $10.00. 

The original plan, as established in the first edition of the work, has been followed in 
the fourth edition. As stated in the beginning, the book is presented as a text-book for 
students, to give them an introduction to surgery and to prepare them for the final exami- 
nations in that branch of medicine. This general outline has been followed throughout. 

The chapters fall into three classifications, pathological, anatomical, and regional. 
This system affords an easy and quick access to the information desired. The scope of 
the book is very comprehensive and no attempt is made to enter deeply into the subjects, 
as would be necessary in a large work of this character. Sufficient space is accorded to 
the description of pathological conditions to give the necessary information. Differ- 
ential diagnoses are frequently given and the general treatment directed. 

The book is fully illustrated by photographs and drawings, chosen so as to aid mate- 
rially in the description of the clinical as well as of the pathological conditions. There 
are also many colored photographs. 

For the purpose for which it is intended, the book is a distinetly valuable addition to 


the literature. 


LESSONS ON THE SURGICAL DisEASES OF CHILDHOOD. By William Rankin, M.B., Ch.B. 

Glasgow, Alex. MacDougall, 1934. 21 shillings. 

The work is best described by the author in his Introductory: ‘‘ This collection of 
notes, of lectures and demonstrations given to final-vear students, in no way pretends to 
be more than the groundwork or introduction to the subject which one was able to over- 
take in the short course of less than twenty class meetings.” 

The simple explanatory notes are well supported by many pictures and diagrams. 
The book will be found useful for quick reference and will be of value to the physiot hera- 
pist, the student, and the general practitioner. 


Pror. H. I. Turner’s INstirure ror REHABILITATION OF PHysICALLY DEFECTIVE 

CHILDREN. Leningrad, 1933. 

This small brochure describes an important institution dedicated to the rehabilita- 
tion of crippled children and named after Prof. Turner in recognition of the completion 
of his fortieth year of activity in connection with this establishment. 

This institution was founded in 1890, and, after the advent of the new régime, a 
fresh impetus was given to the development of the enterprise. Admission to the Insti- 
tute is restricted to children between four and fourteen years of age, suffering from differ- 
ent types of paralysis and deformities; no acute cases are admitted. The institution is 
fully equipped for education and rehabilitation, as well as for orthopaedic treatment. 
The crippled are studied as to mental development, vocational possibilities, ete., and, un- 
der the guidance of competent teachers, receive a specially adapted course similar to that 
given in other State trade schools. A special endeavor is made to eradicate the feeling of 
inferiority so often found in the crippled, and to give to him full opportunity for a new 
mental and physical self-dependence. 


MINNEAPOLIS GENERAL HospitaAL. ANNUAL REPORT FOR THE YEAR 1932. Parts I, IT, 
and III. Minneapolis, 1933. 
An elaborate report in three parts of the administration, equipment, and financial 
condition of the Minneapolis General Hospital. In these three volumes are contained re- 
ports of the Medical and Surgical Services, including the Laboratory and Research De- 
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partments. This work is most complete, giving a comprehensive view of the entire Hos- 
pital, and should be imitated by all institutions having the means to publish such a sur- 


vey. 
| The Journal wishes to acknowledge the receipt of the following publications sent to 
the Editorial Department : 
Annales de Médecine Physique et de Physio-Biologie (Anvers, Belgium), X XVI, 
Fase. 1-3, 1933. 

Boletines y Trabajos de la Sociedad de Cirugia de Buenos Aires, XVII, Nos. 30, 31, 
1933. 

Medico-Surgical Suggestions (Madras, India), II, No. 12, 1933. 

Minerva Medica (Turin), II, No. 47, 1933. 

Revue de Pathologie et de Physiologie du Travail (Brussels), IX, No. 6, 1933. 

La Tribuna Médica (Havana), VII, Nos. 210-213, 1933; VIII, No. 216-217, 1934. 

Programm des 52. Fortbildungskursus der Wiener Medizinischen Fakultit 


(Vienna), 1934. 
*Gelenksteifen und Gelenkplastik. Erwin Payr. I. Band. Berlin, Julius Springer, 


1934. 


BEITRAGE ZUR KENNTNIS DER TRAUMATISCHEN EpiPHYSENLOSUNGEN AN DEN LANGEN 
RGHRENKNOCHEN DER EXTREMITATEN (Traumatic Epiphyseal Separation of the 
Long Bones of the Extremities). Ernst Bergenfeldt. Acta Chir. Scandinavica, 
LXXIII, Supplementum XXVIII, 1933. 

On the basis of 310 cases of traumatic epiphyseal separation, treated between 1919 
and 1928, a study is made of the statistics of incidence, etiology, pathological anatomy, 

The writer’s cases occurred most com- 


symptoms, diagnosis, and especially prognosis. 
The epiphyseal lesions were divided 


monly between the ages of ten and seventeen years. 
as follows: lower radial, 137; lower humeral, 70; lower tibial, 44; lower ulnar, 24; lower 
fibular, 16; upper radial, 8; upper humeral, 5; and miscellaneous, 6. 

The monograph includes an historical summary and consideration of the normal 
Discussion of the various epiphyses is detailed and many 


anatomy and physiology. 
A supplement contains the summaries of 319 cases, 


illustrative x-rays are included. 
which include nineteen epiphyseal injuries other than fracture, largely the result of the in- 
In the latter cases, only two resulted in shortening, and in these 
In 


sertion of metal nails. 
there was also gross mechanical injury of the cartilage at the time of the accident. 
only three cases was there premature synostosis without shortening. 

The study led to many interesting conclusions, some of which are as follows: These 
injuries do not offer any less favorable prognosis than analogous periarticular fractures 
during the period of growth. The arrest of growth with persistent shortening was found 
in fourteen cases and there was no case of increased length. Arrested growth with per- 


sistent shortening occurs much more rarely in man than in animals subjected to corre- 
It would seem impossible in the individual case of 


sponding experimental investigation. 


epiphyseolysis to exclude with certainty a future shortening of the injured bone. 
Blount, M.D., Milwaukee, Wisconsin. 


Erupe Comparte sur LA Coxa Vara Dire ConGéNITALE ET L’OSTEOCHONDRITE Cox- 
ALE JUVENILE (Coxa Puiana) (A Comparative Study of So Called Congenital 
Coxa Vara and Coxa Plana). H.Camitz. Acta Chir. Scandinavica, LX XIII, 521, 
1934. 

On the basis of a review of the literature and an exhaustive histological study of the 
necks of the femora in three cases of congenital coxa vara, the writer concludes that there 
is no basis for terming the clinical entity congenital coxa vara. He prefers to call it 
juvenile. A comparison of his studies with those of Schwartz and others led him to be- 
lieve that coxa plana, juvenile coxa vara, and adolescent coxa vara are all variations of 
abnormality._W. P. Blount, M.D., Milwaukee, Wisconsin. 


the same developmental 


* To be reviewed in a later issue. 
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Myetoma CompiicaTeD BY INTESTINAL OBsTRUCTION To AMyLorp IN- 
FILTRATION OF THE SMALL INTESTINE. O.S. Randall. Am. J. Cancer, XIX, 838, 
Dec. 1933. 

The author reports in detail a typical case of multiple myeloma which developed 
amyloid disease of the intestine with acute obstruction. There is a careful survey of the 
literature, with the conclusion that, although amyloidosis is rarely reported as a compli- 
sation of myeloma, the conditions may be associated more frequently than is generally 
believed. 

The complication should be considered in every wasting disease, whether or not 
suppuration is present. The report is illustrated with roentgenograms and photomicro- 
graphs, and a good bibliography is included.—Grantley W. Taylor, M.D., Boston, Massa- 
chusetts. 


Die BEHANDLUNG OFFENER KNOCHENBRUCHE AN DER WiURZBURGER KLINIK IN DEN 
LeTzTEN 10 JAHREN (Treatment of Compound Fractures in the Wiirzburger Clinic 
During the Past Ten Years). Rudolf Engelmann. Arch. f. Arthop. u. Unfall-Chir., 
XXXI, 356, 1932. 

Although their method of choice is conservative, still in selected cases the Wiirz- 
burger surgeons do not hesitate to operate. They believe firmly in absolute fixation, 
best secured by means of plaster-of-Paris. The wounds are treated by tue method of 
Volkmann, consisting of thorough cleansing, débridement, and suture of the wound edges 
without tension. Of the operative procedures, they favor the insertion of a Lane plate 
and their statistics show that this has not produced non-union, but, as compared with the 
non-operative cases, has actually led to more rapid consolidation.— Leo Mayer, M.D., 
New York, N.Y. 


Zur KENNTNIS DER ISOLIERTEN ABRISSFRAKTUR DER UNTEREN SPINA ANTERIOR OssIs 
Iter (Isolated Tear Fracture of the Anterior Inferior Spine of the Ilium). Hans 
Hanke. Arch. f. Orthop. u. Unfall-Chir., XX X1, 377, 1932. 

The author reports a typical tear fracture due to an injury at football. The patient, 

a boy of sixteen, lost his balance just as he kicked the ball with his left leg, causing him to 

fall backward and toward the right side. After eight days of treatment, in a position of 

slight flexion, all symptoms disappeared.—_Leo Mayer, M.D., New York, N. Y. 


User Die OperatTiIONSBEHANDLUNG VON PATELLARFRAKTUREN (Operative Treatment of 
Patellar Fractures). W. Pfister. Arch. f. Orthop. u. Unfall-Chir., XXXI, 383, 
1932. 

After a review of the cases treated at the Clinic of Geheimrat Prof. Kénig, the author 
comes to the conclusion that operative treatment of fractures of the patella should be the 

method of choice.—Leo Mayer, M.D., New York, N.Y. 


Ern Fatt von TRAUMATISCHER (SUBCUTANER) EpIPHYSENLOSUNG AM OBEREN TIBIA- 
ENDE (A Case of Traumatic Separation of the Upper Tibial Epiphysis). Erwin 
Paal. Arch. f. Orthop. u. Unfall-Chir., XX XI, 399, 1932. 

The patient, a boy aged eighteen years, was injured at football. As he was about to 
kick the ball back of the goal, the goalkeeper threw himself against the anterior surface of 
the right calf. This caused the patient to fall toward the side. Roentgenograms showed 
a forward displacement of the upper tibial epiphysis of such a nature that the middle of 
the epiphysis rested on the anterior edge of the tibia. Reposition was readily accom- 
plished under anaesthesia, and a perfect functional result was secured.—Leo Mayer, M.D., 
New York, N. Y. 
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ARBEITSFAHIGKEIT UND ARTHRITIS DEFORMANS NACH SPORTUNFALLEN (Disability and 
Arthritis Deformans as a Result of Sport Injuries). Fritz Strauss. Arch. f. Orthop. 
u. Unfall-Chir., XX XI, 403, 1932. 
The author makes a study of the length of time of healing in three groupsof patients, — 
students, policemen, and workmen cared for under the compensation law. The results 


are as follows: 


Site of Injury Group A-Students Group B-Policemen Group C-Injured Workmen 
Knee joint. ...... 6.16 days 12.46 days 19.37 days 
Ankle joint. ..... 3.77 days 7.09 days 13.14 days 
Shoulder joint 13.28 days 17.33 days 


He comes to the interesting conclusion that invariably the joint injuries of the stu- 
dents healed much more rapidly than those of the police or the injured workmen.— Leo 


Mayer, M.D.., New York, N. 


ERGEBNISSE OPERATIVER UND KONSERVATIVER BEHANDLUNG DER MONDBEINNEKROSE 
(Results of Operative and Conservative Treatment of Necrosis of the Semilunar 
Bone of the Wrist). Paul Rostock. Arch. f. Orthop. u. Unfall-Chir., XXX1, 489, 
1932. 

Operation was done in fifteen cases, in all of which an attempt was made to remove 
the semilunar bone completely. In four cases the control roentgenograms showed this 
attempt to have been successful; there was no reformation of bone. In the other eleven 
‘“ases, however, removal of the semilunar bone was evidently incomplete because a re- 
formation of bone occurred. In all the cases in which operations were performed, some 
interference with motion persisted. On comparing the results of these cases with those 
in which no operation was attempted, after a four-year period, the author was able to 
show that the percentage of disability was approximately three per cent. for the patients 
who were operated upon and about twenty per cent. for those who were not. Despite 
this generalization, the author refers to two cases in which no operation was done and 
which eventually went on to excellent functional results..-Leo Mayer, M.D., New York, 


NEVE GESICHTSPUNKTE ZUM REDRESSEMENT DES ANGEBORENEN KLUMPFUSSES UND 
Daraus Sich ErRGEBENDE SCHLUSSFOLGERUNGEN Bezi’GLich DER ATIOLOGIE (A 
New Point of View in the Correction of Congenital Club Feet). Walter Wisbrun. 
Arch. f. Orthop. u. Unfall-Chir., XX XI, 451, 1932. 

The author emphasizes the necessity of complete correction of the deformity in the 
Chopart joint and in the subastragaloid joint before attempting to correct any other fea- 
tures of the deformity. He favors the use of plaster-of-Paris, followed by arch supports 
which help to hold the foot in the corrected position.-Leo Mayer, M.D., New York, N.Y. 


Gist ES EIN TRAUMATISCH ENTSTANDENES WIRBELGLEITEN? (Is There a Traumatic 
Slipping of the Vertebra?). Mever-Burgdorff. Arch. f. Orthop. u. Unfall-Chir., 
XXXI, 486, 1932. 

The author has studied 100 spines at autopsy and has found three with abnormalities 
of the so called interarticular portion of the spinal arch,— that portion situated between 
the ascending and descending articular processes. He has also had occasion to study 
He proves quite conclusively that thus far no one 


numerous cases of spondylolisthesis. 
has been able to show that trauma causes actual slipping. He uses the term ‘“‘spondyloly- 
sis’’ to indicate a gap in the vertebral arch, and ‘‘spondylolisthesis’’ for an actual 
slipping. He disagrees with Neugebauer in thinking that a spondylolysis may not be 
congenital in origin but thinks it may be acquired with repeated traumata. He does not, 
however, state on what he bases this view. His conclusion is that a traumatic spondylo- 
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listhesis is an unusually rare clinical occurrence and that in practically all cases the so 
called traumatic spondylolisthesis had been present for a long time before the accident 
oecurred.— Leo Mayer, M.D., New York, N.Y. 


Two Cases Or OssIFICATION IN THE INTERNAL SEMILUNAR CarTILaGe. H. Jackson 

Burrows. British J. Surg., XX1, 404, Jan. 1934. 

Two case reports are given of young adults who, both by x-ray and at operation, 
showed calcification of the internal semilunar cartilage. From the histological studies it 
is believed that the process of bone formation is: (1) hyperplasia of the fibrocartilage, with 
deposition of calcium, a multiplication and enlargement of the cells, and an increase of the 
proportion of matrix to fibers; (2) replacement of areas of cartilage by loose, vascular, 
connective tissue; (3) formation of true bone in the walls of the cavities so formed. 

Inasmuch as trauma caused both conditions, it is believed that the bone in each case 
was metaplastic. The bone resembled that formed by the usual ossification of hyaline 
cartilage. Ernest W. Daland, M.D., Boston, Massachusetts. 


SPONTANEOUS DISLOCATION OF THE Hip CuitpHoop. P.N. Ray. British J. Surg., 

XXI, 523, Jan. 1934. 

This is a case report of a Bengali child of six, who, six months previously, had had a 
severe attack of bacillary dysentery. Dysenteric synovitis in many joints occurred dur- 
ing the convalescence, but after six weeks all the joints except the right hip joint quieted 
down. Clinical and x-ray examinations showed a posterior dislocation with the ace- 
tabulum filled with a bony mass. 

The dislocation was reduced by the Lorenz method and a plaster cast was applied. 
The first plaster was removed in eight weeks and the head was found to be in place. 
Plaster fixation was continued for a total of four months, after which walking calipers 
were applied. At the end of a year the patient walked without a limp and there was a 
good range of motion. 

It is believed that the spontaneous dislocation was caused by the excessive muscular 
atrophy about the hip joint, possibly aided by the overdistension of the joint cavity. 

Ernest M. Daland, M.D., Boston, Massachusetts. 


Tue “Criover SLING IN PARALYSIS OF THE SERRATUS Maanus.  H. O. Foucar. 

British Med. J., 11, 865, 1933. 

The principle of physiological rest in the treatment of paralyzed muscles, followed by 
graduated exercises, is discussed. Following an outline of the development, anatomy, 
and action of the serratus magnus muscle and a brief discussion of the factors which may 
cause isolated paralysis of this muscle, Foucar, on the authority of Sir Colin McKenzie, 
states that the position of physiological rest for this muscle is attained when the hand is 
on the opposite shoulder. He has devised and illustrates a three-looped sling for this 
purpose; one loop goes about the neck, one about the wrist, and one about the good 
shoulder to act asan anchor. Reports of two cases successfully treated are given.—-F. J. 
Harris, M.B., Toronto, Canada. 


HuMAN TUBERCULOSIS OF BovINE OriIGIN. William G. Savage. British Med. /., I, 

905, 1933. 

Savage delivered the Mitchell Lecture on the above subject before the Royal College 
of Physicians of London. This is an excellent and thoughtful review of the whole situa- 
tion in so far as it concerns Great Britain. 

The incidence of the bovine infection is established by a great volume of statistics 
from many workers. The distribution of the disease by age and by organs is also based 
upon numerous statistical figures. The portal of entry is almost exclusively alimentary, 
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although a few cases of bovine pulmonary tuberculosis are almost certainly air-borne 
(dust infection in dairy workers). The incidence of tuberculosis in cattle in Great Britain 
is excessively high, averaging forty per cent. 

The author discusses at length, and with perspicuity, the measures necessary to pre- 
vent bovine tuberculosis in human beings. Chief reliance must be placed on pasteuriza- 
tion of milk, but, at the same time, some plan should be adopted to weed out tuberculous 
cattle. 

This article is sound and deserves the thoughtful consideration of every person inter- 
ested in tuberculosis.—-R. J. Harris, M.B., Toronto, Canada. 

TREATMENT OF ComMpouUND FRACTURES OF THE TiBIA. A. Simpson-Smith. British 

Med. J., II, 1019, 1933. 

For the treatment of compound fractures of the tibia, Simpson-Smith recommends, 
in addition to the usual débridement, fixation of the fragments in accurate relationship to 
one another by means of a special clamp which protrudes from the wound while sterile 
plaster is being applied. After the plaster is set, the wound is exposed, the clamp re- 
moved, and the wound sutured. This report is based upon the records of twenty cases. 
The instrument and the operation are illustrated. R. J. Harris, M.B., Toronto, Canada. 


Spastic ParapLeGcia (Lirrte’s Disease). TREATMENT BY REPEATED CISTERNAL 

DRAINAGE. Norman W. Clein. Northwest Med., XXXII, 507, 1933. 

The author has treated ten babies ranging in age from one to thirty-four months. 
The amount of fluid obtained varied from 10 cubic centimeters to 70 cubic centimeters, 
the average being 42.5 cubic centimeters. From two to four times the amount of fluid 
may be obtained by this method than by spinal puncture. The greatest relief is noted in 
spastics with a history of birthinjury. The indications for repeated drainage are list less- 
ness, poor appetite, loss of weight, and increased spasticity. The drainages are followed 
by a dry or semi-dry diet with elimination of salt and sugar.-Charles Lyle Hawk, M.D., 


Los Angeles, California. 


Arturitis. Its Dietary TREATMENT. Weslie E. Gatewood and Leila Wall Hunt. 

Northwest Med., XXXII, 511, 1933. 

This is the conclusion of a series of articles dealing with this subject. 
tion of Shapiro and Miller is used, and the authors go into considerable detail in the gen- 
eral dietary analysis. They find a lowered metabolism and decreased blood flow in the 
arthritic patient. They suggest that the diet should be built upon the following plan: 
(1) availability; (2) elasticity; (3) adaptability to the habits of taste of the patient; (4) 
energy-value; (5) right kind of proteins; (6) carbohydrates according to the weight of the 
They advise a diminished carbohydrate diet, 


The classifiea- 


patient; (7) organic salts; (8) vitamins. 
especially if there is a vitamin deficiency, but place major emphasis upon ample protein 
and vitamin supply.—-Charles Lyle Hawk, M.D., Los Angeles, California. 


FRACTURES DU TIERS INFERIEUR DES Os DE L’AVANT-BRAS TRAITEES PAR L’ IMMOBILISA- 
TION PLATREE (Fractures of the Lower Third of the Bones of the Forearm Treated 


by Plaster-of-Paris Immobilization). R. Soeur. Rev. de Path. et de Physiol. de 


Travail, IX, June 1932. 
The author describes a modified Boéhler treatment of reduction of fractures of the 
The reduction is performed without an 


forearm. He advocates local anaesthesia. 
To correct the 


assistant, countertraction is secured with a strap attached to the wall. 
deformity, plain horizontal traction or traction with flexion or extension, according to 
the displacement of the fragments, is applied. As soon as the deformity is corrected, 
horizontal traction is maintained while the plaster-of-Paris is applied to the bare skin. 
Before the plaster hardens, the hand is put in slight dorsiflexion to secure physiological 
The patient is permitted to use his hand on 


relaxation of the muscles of the forearm. 
Six cases thus treated, with uniformly good 


the day of the application of the plaster. 
end results, are described. Emanuel Kaplan, M.D., New York, N.Y. 
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OPERATIVE LENGTHENING OF THE FEMUR. Vittorio Putti. Surg. Gynec. Obstet., LVIIT, 

318, Feb. 15, 1934. 

The writer has used piano-wire traction and countertraction in eleven ®ases for 
lengthening the femur, both in children and adults. The greatest difficulty is encountered 
in those cases of some chronicity ‘in reality amounting to a true muscle-lengt hening opera- 
tion by slow skeletal traction”’. The only complication has been temporary ‘toe drop” 
in one case. 

During the traction period, the patient is supine with semiflexion of the hip and 
knee. The average traction weight is thirty to forty pounds. The time of lengthening 
is about twenty days, followed by four months in plaster and several months of limited 
support and physical therapy. 

The technique of the method is described by Dr. Carlo Seuderi.— Richard B. 
McGovney, M.D., Los Angeles, California. 


Tue CoMMON SYNDROME OF RupTuRE, DISLOCATION AND ELONGATION OF THE LONG 
Heap or THE Biceps Bracnu. AN ANALYsIS OF ONE HunpRED Cases. Edgar 
Lorrington Gilereest. Surg. Gynec. Obstet., LVI, 322, Feb. 15, 1934. 

The writer considers that many diagnoses of sprains, neuritis, subdeltoid bursitis, 
rupture of the supraspinatus muscle, and particularly arthritis, are made when the 
symptoms and findings are truly those of the common bicipital syndrome. He describes 
the syndrome as being due to ‘“‘ wear and tear, complete destruction and rupture and dis- 
location and elongation of the tendon of the long head of the biceps’’. 

The causes are varied, —pathological and physiopathological conditions or degenera- 
tive changes, acute and chronic infectious diseases and neoplasms, physiological predis- 
positions, occupation, fatigue, and trauma. 

The types of rupture may be classified according to their site as high (intracapsular) 
or low (at or below bicipital groove); or according to their development as acute, latent, 
or intermediate. 

The symptoms vary with the condition of the tendon, the cause, the site, and the 
type of rupture. Ina frayed tendon, the final rupture may occur without the knowledge 
of the patient and the only complaint may be weakness and discomfort. Weakness is the 
constant symptom. Inspection shows some alteration in shape of the shoulder, and in the 
arm there may be a tumor, or hollow, or eechymosis and swelling. Palpation may reveal 
muscle softening, abnormal perceptibility of the tendon, and changes in tension. 

The treatment depends upon an exact diagnosis, and incision is made where one ex- 
pects to find the lesion. Simple rest in acute flexion for two or three weeks is adequate 
for lesser tears. Massage should not be started until the arm is being gradually brought 
down. 

In operative repair, the writer favors slipping the long head tendon through the 
short head and then attaching it to the corocoid. If the rupture is in the muscle proper, a 
large fascial transplant, as well as suturing, should be done. The prognosis is good for 
function in early repairs, but varies with the chronicity and extent of injury. The 
medicolegal aspect is noted. 

The study is made from an analysis of 100 cases, and the accompanying illustrations 
are excellent.—Richard B. McGovney, M.D., Los Angeles, California. 
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